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GLOSSARY

Add-On Control Device: An air pollution control device such as carbon absorber or incinerator
that reduces the pollution in exhaust gas. The control device usually does not affect the process
being controlled and thus is "add-on" technology, as opposed to a scheme to control pollution
through altering the basic process itself.

Best Available Control Technology (BACT): An emission limitation based on the maximum
degree of reduction of each pollutant subject to regulation under the Clean Air Act emitted from
or which results from any major emitting facility, which the permitting authority, on a
case-by-case basis, taking into account energy, environmental, and economic impacts and other
costs, determines is achievable for such facility through application of production processes and
available methods, systems, and techniques, including fuel cleaning, clean fuels, or treatment or
innovative fuel combustion techniques for control of each such pollutant.

Best Available Retrofit Control Technology (BARCT): An air emission limitation that applies
to existing sources and is based on the maximum degree of reduction achievable, taking into
account environmental, energy, and economic impacts by each class or category of source.

Case: For a given source category in AirControlNET, if there are more than one control measure
for controlling a given pollutant, then each control measure is assigned a case number and is
treated as a separate case from the others in the model.

Capital Recovery Factor (CRF): A function of the economic life of the equipment and the
interest rate charged to the total capital investment.

Capital to Annual Ratio: Ratio of Capital costs to annual costs.

Cost-Effectiveness (C-E): The cost of an emission control measure assessed in terms of dollars-
per-pound, or dollars-per-ton, of air emissions reduced.

Control Efficiency: The percent of pollutant mass reduced from the application of a control
measure.

Control Technique Guidelines (CTGs): An EPA guidance document which triggers a
responsibility under section 182(b)(2) for States to submit reasonably available control
technology (RACT) rules for stationary sources of VOC as part of their State Implementation
Plans.

Control Technology; Control Measures: Equipment, processes or actions used to reduce air
pollution. The extent of pollution reduction varies among technologies and measures.

Criteria Air Pollutant: A pollutant designated by the Administrator, using the latest scientific

knowledge, to have effects on public health or welfare which may be expected from the
presence of such pollutant in the ambient air, in varying quantities. The types of air pollutants
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which, when present in the atmosphere, may interact with such pollutant to produce an adverse
effect on public health or welfare; and any known or anticipated adverse effects on welfare.

Cyclone boiler: means a boiler with one or more water-cooled horizontal cylindrical chambers
in which coal combustion takes place. The horizontal cylindrical chamber(s) is (are) attached to
the bottom of the furnace. One or more cylindrical chambers are arranged either on one furnace
wall or on two opposed furnace walls. Gaseous combustion products exiting from the
chamber(s) turn 90 degrees to go up through the boiler while coal ash exits the bottom of the
boiler as a molten slag.

Dry bottom: means the boiler has a furnace bottom temperature below the ash melting point and
the bottom ash is removed as a solid.

Emission inventory: means a listing of the quantity of pollutants being emitted from sources
within a geographic boundary (i.e., country, State, nation). The listing can be broken down into
point (individual facilities), area (other stationary sources), mobile (on-road and non-road), and
biogenic emissions. Ancillary information such as stack parameters, activity data, and vehicle
type are also considered part of an emission inventory.

Emission Rate: The weight of a pollutant emitted per unit of time (e.g., tons/year).

Federal Implementation Plan (FIP): In the absence of an approved State Implementation Plan
(SIP), a plan prepared by EPA which provides measures that nonattainment areas must take to
meet the requirements of the Federal Clean Air Act.

Inspection and Maintenance Program (I/M program): A periodic automobile inspection,
usually done once a year or once every two years to check whether a car is being maintained to
keep pollution down and whether emission control systems are working properly. Vehicles
which do not pass inspection must be repaired.

Lifetime: The estimated years add-on control equipment will operated before it must be
replaced.

Maximum Achievable Control Technology (MACT): Federal emissions limitations based on
the best demonstrated control technology or practices in similar sources to be applied to major
sources emitting one or more federal HAP.

MEAS Code: An alphanumeric code assigned to each individual control measure in the
AirControINET Model. These are unique and used internally by Pechan.

New Source Performance Standards (NSPS): Uniform national EPA air emission standards
that limit the amount of pollution allowed from new sources or from modified existing sources.

Operating and Maintenance Costs (O&M): The costs associated with work and materials

needed to preserve asset components to allow their continued use. This definition encompasses
any actions intended to prevent failure or inefficient operation, and includes housekeeping and
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custodial work. Operating Maintenance does not necessarily prolong the design service life of
the property of equipment, nor does it add to the asset's value. However, lack of maintenance can
reduce an asset's value by leading to equipment breakdown, premature failure of a building's
subsystems and shortening of the asset's useful service lifetime.

Reasonably Available Control Technology (RACT): Defined as the lowest emission limitation
that a particular source is capable of meeting by the application of control technology that is
reasonably available, considering technological and economic feasibility.

Rule Effectiveness: a generic term for identifying and estimating the uncertainties in emission
estimates caused by failures and uncertainties in emission control programs. Literally, it is the
extent to which a rule achieves the desired emission reductions.

Source Category: Categories of places or objects from which air pollutants are released.
Sources that are fixed in space are stationary sources and sources that move or are capable of
moving are mobile sources. See Area, Mobile and Stationary.

° Area sources--means stationary and non-road sources that are too numerous or whose
emissions are too small to be individually included in a stationary source emissions
inventory.

° Mobile sources--means on-road (highway) vehicles (e.g., automobiles, trucks and

motorcycles) and non-road vehicles and engines (e.g., trains, airplanes, agricultural
equipment, industrial equipment, construction vehicles, off-road motorcycles, and marine

vessels).

° Point Sources: Specific points of origin where pollutants are emitted into the atmosphere
from stationary sources such as factory smokestacks.

° Stationary Sources: Non-mobile sources such as power plants, refineries, and

manufacturing facilities which emit air pollutants.

State Implementation Plan (SIP): A plan prepared by States and submitted to EPA describing
how each area will attain and maintain national ambient air quality standards. SIPs include the
technical foundation for understanding the air quality (e.g. emission inventories and air quality
monitoring), control measures and strategies, and enforcement mechanisms.

Stoker boiler: means a boiler that burns solid fuel in a bed, on a stationary or moving grate, that
is located at the bottom of the furnace.

Tangentially fired boiler: means a boiler that has coal and air nozzles mounted in each corner
of the furnace where the vertical furnace walls meet. Both pulverized coal and air are directed
from the furnace corners along a line tangential to a circle lying in a horizontal plane of the
furnace.

Transportation Control Measure (TCM): Any control measure to reduce vehicle trips, vehicle
use, vehicle miles traveled, vehicle idling, or traffic congestion for the purpose of reducing on-
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road motor vehicle emissions. TCMs can include encouraging the use of carpools and mass
transit.

Wall-fired boiler: means a boiler that has pulverized coal burners arranged on the walls of the
furnace. The burners have discrete, individual flames that extend perpendicularly into the
furnace area.

Wet bottom: means that the ash is removed from the furnace in a molten state. The term “wet
bottom boiler” shall include: wet bottom wall-fired boilers, including wet bottom turbo-fired
boilers; and wet bottom boilers otherwise meeting the definition of vertically fired boilers,
including wet bottom arch-fired boilers, wet bottom roof-fired boilers, and wet bottom top-fired
boilers. The term “wet bottom boiler” shall exclude cyclone boilers and tangentially fired
boilers.
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CHAPTER I. INTRODUCTION

AirControlNET is a control technology analysis tool developed by E.H. Pechan & Associates,
Inc. (Pechan) to support the U.S. Environmental Protection Agency (EPA) in its analyses of air
pollution policies and regulations. The tool provides data on emission sources, potential
pollution control measures and emission reductions, and the costs of implementing those
controls.

The core of AirControlNET is a relational database system in which control technologies are
linked to sources within EPA emissions inventories. The system contains a database of control
measure applicability, efficiency, and cost information for reducing the emissions contributing to
ambient concentrations of ozone, PM,,, PM, ;, SO,, NO,, as well as visibility impairment
(regional haze) from point, area, and mobile sources. PM,, and PM, ; as included in
AirControlNET represent primary emissions of PM. The control measure data file in
AirControlNET includes not only the technology's control efficiency, and calculated emission
reductions for that source, but also estimates the costs (annual and capital) for application of the
control measure.

This document describes the control technology and cost information that is used to create the
control measure database. The AirControlNET User’s Guide and Development Report provide
details of the installation, system requirements, use of the AirControlNET interface, and control
measure database development (Pechan, 2005a and Pechan, 2005b).

AirControlNET relies on the control efficiency, throughput, fuel use, and emission factor data
provided in the NEI to perform cost related analysis. But AirControlNET also requires
information about individual control measures. This information is obtained by examining the
technical and economic data available on the control measures. AirControlNET currently
contains information on several hundred different control measure/source combinations.

Pechan has collected information on control measure and reported it to the EPA through several
technical reports. Important aspects of each control measure, such as application, functionality,
cost and control efficiencies were reported at the time of analysis. The purpose of this document
is to compile and summarize this information for the control measures presently available in
AirControlNET to provide a central location of the information.

Individual control measures are discussed in this report under the Control Measure
Documentation chapter (Chapter III). Some of the important aspects of analysis used for these
control measures are summarized in the Summary section of this report. Table I-1 provides a list
of AirControlNET related publications prepared by Pechan. The References section contains
complete citations.
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Table I-1. List of Related Publications Prepared by Pechan and EPA that Contain
Useful Control Measure Information

Publication

Publication Name Date Comments

AirControINET User’s Guide 03/2005 Learn how to install and use
AirControINET

AirControINET Tool Development Kit 03/2005 Learn how the AirControINET
application and control measure
databases were developed

VOC and NO, Control Measures Adopted by 09/2002 Contains information on local

States and Nonattainment Areas for 1999 NEI controls adopted through ozone

Base Case Emissions Projection Calculations, SIPs

Pechan Report No. 02.09.002/9010.122

Revisions to AirControINET and Particulate 09/2001 Control measure research and

Matter Control Strategies and Cost Analysis, evaluations

Pechan Report No. 01.09.9010.007

Control Measure Development Support Analysis 02/2001 Control measure research and

of Ozone Transport Commission Model Rules, evaluations

Pechan Report No. 01.02.001/9408.000

EPA Air Pollution Control Cost Manual," 6th ed., 01/2002 Control measure research and

EPA/452/B-02-001, Research Triangle Park, NC. evaluations

Control Measure Evaluations: The Control 09/1999 Control measure research and

Measure Data Base for the National Emissions evaluations

Trends Inventory (AirControINET), by E.H.

Pechan & Associates, Pechan Report No.

99.09.001/9004.112

Control Measure Evaluations Prepared for South 12/1999 Control measure research and

Central and Reading-Lehigh Valley Pennsylvania evaluations

Ozone Stakeholders Groups - Report," prepared

for Pennsylvania Department of Environmental

Protection, Bureau of Air Quality, Harrisburg, PA,

by E.H. Pechan & Associates

Ozone Transport Rulemaking Non-Electricity 09/1998 Control measure research and

Generating Unit Cost Analysis," prepared for U.S. evaluations

Environmental Protection Agency, Office of Air

Quality Planning and Standards, Innovative

Strategies and Economics Group, Research

Triangle Park, NC, prepared by E.H. Pechan &

Associates, Inc., September 1998

Control Measure Evaluation for the Integrated 04/1997 Control measure research and

Implementation of the Ozone and particulate evaluations

Matter National Ambient Air Quality Standards

and Regional Haze Program, Pechan Report No.

97.03.001/1800 (Rev.)
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Table I-1 (continued)

Publication

Costs of VOC and NO, Control Measures,
prepared for U.S. Environmental Protection
Agency, Ambient Standards Branch, Research
Triangle Park, NC, prepared by E.H. Pechan &
Associates, Inc., September 1994.

Publication Name Date Comments

Additional Control Measure Evaluation for The 03/1997 Control measure research and
Integrated Implementation of the Ozone and evaluations

Particulate Matter National Ambient Air Quality

Standards, and Regional Haze Program, Pechan

Report No. 97.03.001/1800 (Rev.)

Regional Particulate Strategies, Pechan Report 09/1995 Control measure research and
No. 95.09.0005/1754 evaluations

Analysis of Incremental Emission Reductions and 09/1994 Control measure research and

evaluations
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Additionally, three appendices are included to provide helpful summary information. Appendix
A provides a control measure summary list sorted by source category. Appendix B provides a
control measure summary list sorted by pollutant. Appendix C provides a SCC-SIC-NAICS
Crosswalk.
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CHAPTER II. SUMMARY

The control measure data needed to generate the costs and emission reductions for measures in
AirControINET include throughput, fuel use, and emission factor data provided in EPA emission
inventories such as the National Emissions Inventory (NEI).

AirControlNET's database system links control measures to pollution sources identified in EPA
point, area, and mobile source emissions inventories. The resulting database of control measures
contains information on each measure, including emission reduction, control efficiency, and cost
information. Control measures are included for emissions contributing to ambient
concentrations of ozone, PM, 5, PM,,, SO,, and NO,, as well as visibility impairment (regional
haze). The control measure data in AirControlNET includes not only the measure's control
efficiency and calculated emission reduction for that source, but also estimates the costs (annual
and capital, and sometimes O&M) for application of the control measure.

In determining the costs for each control measure, AirControlNET links basic cost information
from EPA and other studies to input parameters contained in the emission inventory. Currently,
AirControlNET contains several hundred source category and pollutant-specific control
measures. Table II-1 provides a summary of the number of control measures that are presently
in AirControlNET.

Table 1I-1. Number of Control Measures in AirControINET,
by Sector and Pollutant

Non-

Major Pollutant Utility Utility Area Onroad | Nonroad Total
NH, 0 0 3 0 0 3
NO, 26 417 15 15 8 481
PM 24 165 12 13 0 214
SO, 6 37 0 0 0 43
VOC 0 7 65 5 12 89
Hg 5 0 0 0 0 5

The control measures in AirControlNET have been developed through a series of studies
prepared to support rulemakings or research. Important elements that are identified for each
control measure. These elements are discussed below and summarized for each measure in the
at-a-glance tables in Chapter III of this report. Some of the important factors that have been
studied are:

Pollutants: AirControlNET contains a database of control measures and cost information for
emissions contributing to ambient concentrations of ozone, PM, 5, PM,,, SO,, and NO,, as well
as visibility impairment (regional haze). Presently this system includes controls for NO,, SO,,
VOC, PM,,, PM, s Hg and NH;. PM,; and PM, ;5 as included in AirControINET represent
primary emissions of PM.

Sector: AirControlNET relies heavily upon EPA emission inventory data as a source of
emissions. The control measures from utility, point, area, and mobile source sector emissions
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Sector: AirControlNET relies heavily upon EPA emission inventory data as a source of
emissions. The control measures from utility, point, area, and mobile source sector emissions
inventories are supplied in EPA’s National Emission Inventory (NEI) can be used in creating
overall emission reduction scenarios in which the associated costs can be estimated.

Control Efficiencies: The control measure data file in AirControlNET includes the technology’s
control efficiency. The control measure’s control efficiency sometimes reflects a set of baseline
conditions that are elaborated upon in the at-a-glance tables in Chapter III of the report, where
appropriate.

Cost Information: The cost information in AirControINET may have many components
including annual, capital, and operation & maintenance costs for application of the control
measure. The individual control measure reference documents discuss the source of the cost
information. Other components include capital recovery factor and dollar year of cost estimate
(i.e., $1997).

Base Year of Cost: The cost information for the control measures have been compiled through a
series of analyses performed by EPA and others over several years. In every case, the costs for
control measure is estimated in the base year provided by the original study. AirControINET
converts to consistent year dollars.

POD: The cost POD is an internal field which groups together similar source types. We can
think of them as a group of sources similar enough that a specific control measure can be applied
to all SCCs in the group.

Affected SCC: The Source Classification Code, or the SCC, in combination with the POD are
what link the control measure information to the NEI data. This linkage is essential for
AirControINET functions which allow the user to create various cost related scenarios based on
the selected control measures applied to specific sources of emission.

Rule Effectiveness: Rule effectiveness is the assumption of how effective a rule containing a
control measure would be. Rule effectiveness is generally 80 to 100 percent for point source
rules and potentially less for area source or mobile source rules.

Rule Penetration: Rule Penetration is the assumed fraction of the targeted SCC which are
affected by the control measure. It is generally assumed 100 percent for point sources, but can be
less for area or mobile sources.

Measure Code: The control measures codes are unique codes assigned by E.H. Pechan &
Associates that specify control measure and source type combination. Each measure in Chapter
III of this report is identified by an alphanumeric measure code or a “meas code”. The first
character of the code is a letter that corresponds to the major pollutant controlled.

Typical Value: The typical value often referred to in this report is the value used in
AirControlNET. The value has been determined to be the “best” value for a measure of interest
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(e.g. control efficiency). The typical value can be, but is not necessarily, a statistical measure of
central tendency.

Table II-2 provides a list of the control measures and sources documented in this report.
To obtain further information on AirControINET, please contact:

EPA Contact: Larry Sorrels at sorrels.larry@epamail.epa.gov

E.H. Pechan Contact: Frank Divita at fdivita@pechan.com
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Table lI-2. Control Measures Included in AirControINET

Measure Major
Code |Source Category Pollutant |Control Measure
A00101 |Cattle Feedlots NH3 |Chemical Additives to Waste
A00201 |Poultry Operations NH3  |Chemical Additives to Waste
A00301 |Hog Operations NH3 |Chemical Additives to Waste
AT2010 |Off-Highway Vehicles: All Terrain VOC |2010 Implementation of Recreational Gasoline
Vehicles (ATVs) ATV Standards
AT2015 |Off-Highway Vehicles: All Terrain VOC |2015 Implementation of Recreational Gasoline
Vehicles (ATVs) ATV Standards
AT2020 |Off-Highway Vehicles: All Terrain VOC |2020 Implementation of Recreational Gasoline
Vehicles (ATVs) ATV Standards
AT2030 |Off-Highway Vehicles: All Terrain VOC |2030 Implementation of Recreational Gasoline
Vehicles (ATVs) ATV Standards
Cl2010 |Off-Highway Diesel Vehicles NOX [2010 Implementation of Final Compression-
Ignition (C-1) Engine Standards
Cl2015 |Off-Highway Diesel Vehicles NOX [2015 Implementation of Final Compression-
Ignition (C-1) Engine Standards
Cl2020 |Off-Highway Diesel Vehicles NOX [2020 Implementation of Final Compression-
Ignition (C-1) Engine Standards
Cl2030 |Off-Highway Diesel Vehicles NOX [2030 Implementation of Final Compression-
Ignition (C-1) Engine Standards
HDD10 |[Highway Vehicles - Heavy Duty and NOX |2010 Implementation of Heavy Duty Engine and
Diesel-Fueled Vehicles Vehicle Standards and Highway Diesel Fuel
Sulfur C
HDD15 |[Highway Vehicles - Heavy Duty and NOX |2015 Implementation of Heavy Duty Engine and
Diesel-Fueled Vehicles Vehicle Standards and Highway Diesel Fuel
Sulfur C
HDD20 |[Highway Vehicles - Heavy Duty and NOX |2020 Implementation of Heavy Duty Engine and
Diesel-Fueled Vehicles Vehicle Standards and Highway Diesel Fuel
Sulfur C
HDD30 [Highway Vehicles - Heavy Duty and NOX |2030 Implementation of Heavy Duty Engine and
Diesel-Fueled Vehicles Vehicle Standards and Highway Diesel Fuel
Sulfur C
HDR101 [Highway Vehicles - Heavy Duty Diesel PM Voluntary Diesel Retrofit Program: Diesel
Engines Particulate Filter - 2001
HDR110 [Highway Vehicles - Heavy Duty Diesel PM Voluntary Diesel Retrofit Program: Diesel
Engines Particulate Filter - 2010
HDR115 |[Highway Vehicles - Heavy Duty Diesel PM Voluntary Diesel Retrofit Program: Diesel
Engines Particulate Filter - 2015
HDR199 |[Highway Vehicles - Heavy Duty Diesel PM Voluntary Diesel Retrofit Program: Diesel
Engines Particulate Filter - 1999
HDR201 [Highway Vehicles - Heavy Duty Diesel PM Voluntary Diesel Retrofit Program: Diesel
Engines Oxidation Catalyst - 2001
HDR210 [Highway Vehicles - Heavy Duty Diesel PM Voluntary Diesel Retrofit Program: Diesel
Engines Oxidation Catalyst - 2010
HDR215 |[Highway Vehicles - Heavy Duty Diesel PM Voluntary Diesel Retrofit Program: Diesel
Engines Oxidation Catalyst - 2015
HDR299 |[Highway Vehicles - Heavy Duty Diesel PM Voluntary Diesel Retrofit Program: Diesel
Engines Oxidation Catalyst - 1999
HDR301 [Highway Vehicles - Heavy Duty Diesel NOX |Voluntary Diesel Retrofit Program: Selective
Engines Catalytic Reduction - 2001
HDR310 [Highway Vehicles - Heavy Duty Diesel NOX |Voluntary Diesel Retrofit Program: Selective
Engines Catalytic Reduction - 2010
HDR315 [Highway Vehicles - Heavy Duty Diesel NOX |Voluntary Diesel Retrofit Program: Selective
Engines Catalytic Reduction - 2015
HDR399 |[Highway Vehicles - Heavy Duty Diesel NOX |Voluntary Diesel Retrofit Program: Selective
Engines Catalytic Reduction - 1999
HDR401 [Highway Vehicles - Heavy Duty Diesel PM Voluntary Diesel Retrofit Program: Biodiesel
Engines Fuel - 2001
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Table 1I-2 (continued)

Measure Major
Code |Source Category Pollutant |Control Measure
HDR410 [Highway Vehicles - Heavy Duty Diesel PM Voluntary Diesel Retrofit Program: Biodiesel
Engines Fuel - 2010
HDR415 |[Highway Vehicles - Heavy Duty Diesel PM Voluntary Diesel Retrofit Program: Biodiesel
Engines Fuel - 2015
HDRA499 |[Highway Vehicles - Heavy Duty Diesel PM Voluntary Diesel Retrofit Program: Biodiesel
Engines Fuel - 1999
MC2010 |Off-Highway Vehicles: Motorcycles VOC |2010 Implementation of Recreational Gasoline
Off-Highway Motorcycle Standards
MC2015 |Off-Highway Vehicles: Motorcycles VOC |2015 Implementation of Off-Highway Motorcycle
Standards
MC2020 |Off-Highway Vehicles: Motorcycles VOC |2020 Implementation of Off-Highway Motorcycle
Standards
MC2030 |Off-Highway Vehicles: Motorcycles VOC |2030 Implementation of Off-Highway Motorcycle
Standards
N00101 |Utility Boiler - Coal/Wall NOX [Selective Non-Catalytic Reduction (SNCR)
N00102 |Utility Boiler - Coal/Wall NOX [Natural Gas Reburn (NGR)
N00103 |Utility Boiler - Coal/Wall NOX [Selective Catalytic Reduction (SCR)
N00201 |Utility Boiler - Coal/Tangential NOX [Selective Non-Catalytic Reduction (SNCR)
N00202 |Utility Boiler - Coal/Tangential NOX [Natural Gas Reburn (NGR)
N00203 |Utility Boiler - Coal/Tangential NOX [Selective Catalytic Reduction (SCR)
NO00501 |Utility Boiler - Qil-Gas/Wall NOX [Selective Non-Catalytic Reduction (SNCR)
N00502 |Utility Boiler - Qil-Gas/Wall NOX [Natural Gas Reburn (NGR)
NO00503 |Utility Boiler - Qil-Gas/Wall NOX [Selective Catalytic Reduction (SCR)
N00601 |Utility Boiler - Qil-Gas/Tangential NOX [Selective Non-Catalytic Reduction (SNCR)
N00602 |Utility Boiler - Qil-Gas/Tangential NOX [Natural Gas Reburn (NGR)
N00603 |Utility Boiler - Qil-Gas/Tangential NOX [Selective Catalytic Reduction (SCR)
NO0701 |Utility Boiler - Cyclone NOX [Selective Non-Catalytic Reduction (SNCR)
NO0702 |Utility Boiler - Cyclone NOX [Natural Gas Reburn (NGR)
NO0703 |Utility Boiler - Cyclone NOX [Selective Catalytic Reduction (SCR)
NO00801 |Coal-fired Plants with Production NOX  [Combustion Optimization
Capacities>100MW
NO00901 |Utility Boiler - Coal/Wall NOX |Low NOx Burner
NO00902 |Utility Boiler - Coal/Wall NOX [Low NOx Burner with Overfire Air
NO00903 |Utility Boiler - Coal/Tangential NOX |Low NOx Coal-and-Air Nozzles with Close-
Coupled Overfire Air
NO00904 |Utility Boiler - Coal/Tangential NOX [Low NOx Coal-and-Air Nozzles with Separated
Overfire Air
NO00905 |Utility Boiler - Coal/Tangential NOX |Low NOx Coal-and-Air Nozzles with Close-
Coupled and Separated Overfire Air
N00906 |Utility Boiler - Coal/Wall NOX [Low NOx Burner
N00907 |Utility Boiler - Coal/Wall NOX [Low NOx Burner with Overfire Air
NO0908 |Utility Boiler - Coal/Tangential NOX [Low NOx Coal-and-Air Nozzles with Close-
Coupled Overfire Air
NO0909 |Utility Boiler - Coal/Tangential NOX |Low NOx Coal-and-Air Nozzles with Separated
Overfire Air
NO00910 |Utility Boiler - Coal/Tangential NOX [Low NOx Coal-and-Air Nozzles with Close-
Coupled and Separated Overfire Air
NO01101 |[ICI Boilers - Coal/Wall NOX |[Selective Non-Catalytic Reduction (SNCR)
NO01103 |ICI Boilers - Coal/Wall NOX [Low NOx Burner
NO01104 |[ICI Boilers - Coal/Wall NOX |[Selective Catalytic Reduction (SCR)
NO111L |ICI Boilers - Coal/Wall - Large NOX |[Selective Non-Catalytic Reduction (SNCR)
NO0111S |ICI Boilers - Coal/Wall NOX |[Selective Non-Catalytic Reduction (SNCR)
NO113L |ICI Boilers - Coal/Wall - Large NOX |Low NOx Burner
NO113S |ICI Boilers - Coal/Wall NOX [Low NOx Burner
NO114L |ICI Boilers - Coal/Wall - Large NOX |[Selective Catalytic Reduction (SCR)
NO0114S |ICI Boilers - Coal/Wall NOX |Selective Catalytic Reduction (SCR)
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Table 1I-2 (continued)

Measure Major
Code |Source Category Pollutant |Control Measure

NO01201 |ICI Boilers - Coal/FBC NOX |Selective Non-Catalytic Reduction (SNCR) Urea
Based

NO121L |ICI Boilers - Coal/FBC - Large Sources NOX |[Selective Non-Catalytic Reduction (SNCR) Urea
Based

NO0121S |ICI Boilers - Coal/FBC NOX |Selective Non-Catalytic Reduction (SNCR) Urea
Based

NO01301 |ICI Boilers - Coal/Stoker NOX [Selective Non-Catalytic Reduction (SNCR)

NO131L |ICI Boilers - Coal/Stoker - Large NOX [Selective Non-Catalytic Reduction (SNCR)

NO0131S |ICI Boilers - Coal/Stoker NOX [Selective Non-Catalytic Reduction (SNCR)

NO01401 |ICI Boilers - Coal/Cyclone NOX [Selective Non-Catalytic Reduction (SNCR)

N01402 |ICI Boilers - Coal/Cyclone NOX |[Coal Reburn

N01403 |ICI Boilers - Coal/Cyclone NOX [Selective Catalytic Reduction (SCR)

N01404 |ICI Boilers - Coal/Cyclone NOX [Natural Gas Reburn (NGR)

NO141S |ICI Boilers - Coal/Cyclone NOX [Selective Non-Catalytic Reduction (SNCR)

NO142L |ICI Boilers - Coal/Cyclone - Large NOX [Coal Reburn

Sources

NO0142S |ICI Boilers - Coal/Cyclone NOX [Coal Reburn

N0143S |ICI Boilers - Coal/Cyclone NOX |[Selective Catalytic Reduction (SCR)

NO0144S |ICI Boilers - Coal/Cyclone NOX [Natural Gas Reburn (NGR)

NO01501 |ICI Boilers - Residual Oll NOX [Low NOx Burner

N01502 |ICI Boilers - Residual Oll NOX |[Low NOx Burner + Flue Gas Recirculation

N01503 |ICI Boilers - Residual Oil NOX |[Selective Catalytic Reduction (SCR)

N01504 |ICI Boilers - Residual Oil NOX |[Selective Non-Catalytic Reduction (SNCR)

NO151S |ICI Boilers - Residual Oil NOX [Low NOx Burner

N0152S |ICI Boilers - Residual Oil NOX |[Low NOx Burner + Flue Gas Recirculation

NO0153S |ICI Boilers - Residual Oll NOX |Selective Catalytic Reduction (SCR)

NO0154L |ICI Boilers - Residual Oil - Large Sources NOX |[Selective Non-Catalytic Reduction (SNCR)

NO0154S |ICI Boilers - Residual Oll NOX |[Selective Non-Catalytic Reduction (SNCR)

N01601 |ICI Boilers - Distillate Oll NOX [Low NOx Burner

N01602 |ICI Boilers - Distillate Oll NOX |[Low NOx Burner + Flue Gas Recirculation

N01603 |ICI Boilers - Distillate Oil NOX |[Selective Catalytic Reduction (SCR)

N01604 |ICI Boilers - Distillate Oil NOX |[Selective Non-Catalytic Reduction (SNCR)

NO161S |ICI Boilers - Distillate Oil NOX [Low NOx Burner

N0162S |ICI Boilers - Distillate Oil NOX |[Low NOx Burner + Flue Gas Recirculation

NO0163S |ICI Boilers - Distillate Oil NOX |[Selective Catalytic Reduction (SCR)

N0164S |ICI Boilers - Distillate Oil NOX |[Selective Non-Catalytic Reduction (SNCR)

NO1701 |ICI Boilers - Natural Gas NOX [Low NOx Burner

NO1702 |ICI Boilers - Natural Gas NOX |[Low NOx Burner + Flue Gas Recirculation

NO01703 |ICI Boilers - Natural Gas NOX |Oxygen Trim + Water Injection

NO01704 |ICI Boilers - Natural Gas NOX |[Selective Catalytic Reduction (SCR)

NO01705 |ICI Boilers - Natural Gas NOX |[Selective Non-Catalytic Reduction (SNCR)

NO171S |ICI Boilers - Natural Gas NOX [Low NOx Burner

NO0172S |ICI Boilers - Natural Gas NOX |[Low NOx Burner + Flue Gas Recirculation

NO0173S |ICI Boilers - Natural Gas NOX |Oxygen Trim + Water Injection

NO0174S |ICI Boilers - Natural Gas NOX |[Selective Catalytic Reduction (SCR)

NO175L |ICI Boilers - Natural Gas - Large Sources NOX |[Selective Non-Catalytic Reduction (SNCR)

NO0175S |ICI Boilers - Natural Gas NOX |[Selective Non-Catalytic Reduction (SNCR)

NO01801 |ICI Boilers - Wood/Bark/Stoker NOX |Selective Non-Catalytic Reduction (SNCR) Urea
Based

NO181L |ICI Boilers - Wood/Bark/Stoker - Large NOX |[Selective Non-Catalytic Reduction (SNCR) Urea

Sources Based

NO0181S [ICI Boilers - Wood/Bark/Stoker NOX |Selective Non-Catalytic Reduction (SNCR) Urea
Based

N02001 |ICI Boilers - MSW/Stoker NOX |[Selective Non-Catalytic Reduction (SNCR) Urea
Based

NO0201S |ICI Boilers - MSW/Stoker NOX |Selective Non-Catalytic Reduction (SNCR) Urea
Based
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Table 1I-2 (continued)

Measure Major
Code |Source Category Pollutant |Control Measure
N02101 |Internal Combustion Engines - Oil NOX |Ignition Retard
N02104 |Internal Combustion Engines - Oil NOX [Selective Catalytic Reduction (SCR)
N02105 |Rich Burn Internal Combustion Engines - NOX [Non-Selective Catalytic Reduction (NSCR)
QOil
N0211S |Internal Combustion Engines - Qil NOX |Ignition Retard
N0214S |Internal Combustion Engines - Qil NOX [Selective Catalytic Reduction (SCR)
N0215S |[Rich Burn Internal Combustion Engines - NOX [Non-Selective Catalytic Reduction (NSCR)
Oil
N02201 |Internal Combustion Engines - Gas NOX [L-E (Medium Speed)
N02204 |Internal Combustion Engines - Gas NOX |Air/Fuel Ratio Adjustment
N02207 |Internal Combustion Engines - Gas NOX  |Air/Fuel + Ignition Retard
N02210 |Internal Combustion Engines - Gas NOX [L-E (Medium Speed)
N02211 |IC Engines - Gas NOX |L-E (Low Speed)
N02212 |IC Engines - Gas NOX [Selective Catalytic Reduction (SCR)
N02213 |Rich Burn IC Engines - Gas NOX [Non-Selective Catalytic Reduction (NSCR)
NO0221L |Internal Combustion Engines - Gas NOX |Ignition Retard
N0221S |Internal Combustion Engines - Gas NOX |Ignition Retard
NO0224L |Internal Combustion Engines - Gas - NOX |Air/Fuel Ratio Adjustment
Large
N0224S |Internal Combustion Engines - Gas NOX |Air/Fuel Ratio Adjustment
NO0227L |Internal Combustion Engines - Gas - NOX  |Air/Fuel + Ignition Retard
Large
N0227S |Internal Combustion Engines - Gas NOX  |Air/Fuel + Ignition Retard
N02301 |Combustion Turbines - Oil NOX |[Water Injection
N02302 |Combustion Turbines - Oil NOX |[Selective Catalytic Reduction (SCR) + Water
Injection
N0231S |[Combustion Turbines - Qil NOX |[Water Injection
N0232S [Combustion Turbines - Qil NOX [Selective Catalytic Reduction (SCR) + Water
Injection
N02401 |Combustion Turbines - Natural Gas NOX |[Water Injection
N02402 |Combustion Turbines - Natural Gas NOX [Steam Injection
N02403 |Combustion Turbines - Natural Gas NOX  [Dry Low NOx Combustor
N02404 |Combustion Turbines - Natural Gas NOX |Selective Catalytic Reduction (SCR) + Low NOx
Burner (LNB)
N02405 |Combustion Turbines - Natural Gas NOX [Selective Catalytic Reduction (SCR) + Steam
Injection
N02406 |Combustion Turbines - Natural Gas NOX |[Selective Catalytic Reduction (SCR) + Water
Injection
N0241S |Combustion Turbines - Natural Gas NOX |[Water Injection
N0242S |Combustion Turbines - Natural Gas NOX [Steam Injection
N0243L |Combustion Turbines - Natural Gas - NOX  [Dry Low NOx Combustors
Large Sources
N0243S |Combustion Turbines - Natural Gas NOX [Dry Low NOx Combustors
N0244S |Combustion Turbines - Natural Gas NOX |Selective Catalytic Reduction (SCR) + Low NOx
Burner (LNB)
N0245S |[Combustion Turbines - Natural Gas NOX |[Selective Catalytic Reduction (SCR) + Steam
Injection
N0246S |Combustion Turbines - Natural Gas NOX |[Selective Catalytic Reduction (SCR) + Water
Injection
N02501 |Process Heaters - Distillate Oil NOX |Low NOx Burner
N02502 |Process Heaters - Distillate Oil NOX |Low NOx Burner + Flue Gas Recirculation
N02503 |Process Heaters - Distillate Qil NOX [Selective Non-Catalytic Reduction (SNCR)
N02504 |Process Heaters - Distillate Oil NOX |Ultra Low NOx Burner
N02505 |Process Heaters - Distillate Qil NOX [Selective Catalytic Reduction (SCR)
NO02506 |Process Heaters - Distillate Oil NOX  [Low NOx Burner - Selective Non-Catalytic
Reduction (SNCR)
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Table 1I-2 (continued)

Measure Major
Code |Source Category Pollutant |Control Measure

NO02507 |Process Heaters - Distillate Oil NOX [Low NOx Burner (LNB) + Selective Catalytic
Reduction (SCR)

N0251S |Process Heaters - Distillate Oil NOX |Low NOx Burner

N0252S |Process Heaters - Distillate Oil NOX |Low NOx Burner + Flue Gas Recirculation

N0253S |Process Heaters - Distillate Oil NOX [Selective Non-Catalytic Reduction (SNCR)

N0254S |Process Heaters - Distillate Oil NOX |Ultra Low NOx Burner

N0255S |Process Heaters - Distillate Oil NOX [Selective Catalytic Reduction (SCR)

N0256S |Process Heaters - Distillate Oil NOX  [Low NOx Burner - Selective Non-Catalytic
Reduction (SNCR)

NO0257S |Process Heaters - Distillate Oll NOX |[Low NOx Burner (LNB) + Selective Catalytic
Reduction (SCR)

N02601 |Process Heaters - Residual Oil NOX |Low NOx Burner + Flue Gas Recirculation

N02602 |Process Heaters - Residual Oil NOX |Low NOx Burner

N02603 |Process Heaters - Residual Qil NOX [Selective Non-Catalytic Reduction (SNCR)

N02604 |Process Heaters - Residual Oil NOX |Ultra Low NOx Burner

N02605 |Process Heaters - Residual Qil NOX  [Low NOx Burner - Selective Non-Catalytic
Reduction (SNCR)

N02606 |Process Heaters - Residual Qil NOX [Selective Catalytic Reduction (SCR)

NO02607 |Process Heaters - Residual Oil NOX |[Low NOx Burner (LNB) + Selective Catalytic
Reduction (SCR)

N0261S |Process Heaters - Residual Oil NOX |Low NOx Burner + Flue Gas Recirculation

N0262S |Process Heaters - Residual Oil NOX |Low NOx Burner

N0263S |Process Heaters - Residual Oil NOX [Selective Non-Catalytic Reduction (SNCR)

N0264S |Process Heaters - Residual Oil NOX |Ultra Low NOx Burner

N0265S |Process Heaters - Residual QOil NOX  [Low NOx Burner - Selective Non-Catalytic
Reduction (SNCR)

N0266S |Process Heaters - Residual Oil NOX [Selective Catalytic Reduction (SCR)

NO0267S |Process Heaters - Residual Oll NOX |[Low NOx Burner (LNB) + Selective Catalytic
Reduction (SCR)

N02701 |Process Heaters - Natural Gas NOX |Low NOx Burner

N02702 |Process Heaters - Natural Gas NOX |Low NOx Burner + Flue Gas Recirculation

N02703 |Process Heaters - Natural Gas NOX [Selective Non-Catalytic Reduction (SNCR)

N02704 |Process Heaters - Natural Gas NOX |Ultra Low NOx Burner

NO02705 |Process Heaters - Natural Gas NOX [Selective Catalytic Reduction (SCR)

NO02706 |Process Heaters - Natural Gas NOX  [Low NOx Burner - Selective Non-Catalytic
Reduction (SNCR)

NO2707 |Process Heaters - Natural Gas NOX [Low NOx Burner (LNB) + Selective Catalytic
Reduction (SCR)

N0271S |Process Heaters - Natural Gas NOX |Low NOx Burner

N0272S |Process Heaters - Natural Gas NOX |Low NOx Burner + Flue Gas Recirculation

N0273S |Process Heaters - Natural Gas NOX [Selective Non-Catalytic Reduction (SNCR)

N0274S |Process Heaters - Natural Gas NOX |Ultra Low NOx Burner

N0275S |Process Heaters - Natural Gas NOX [Selective Catalytic Reduction (SCR)

NO0276S |Process Heaters - Natural Gas NOX  [Low NOx Burner - Selective Non-Catalytic
Reduction (SNCR)

NO277S |Process Heaters - Natural Gas NOX [Low NOx Burner (LNB) + Selective Catalytic
Reduction (SCR)

N02901 |Nitric Acid Manufacturing NOX |Extended Absorption

N02902 |Nitric Acid Manufacturing NOX [Selective Catalytic Reduction (SCR)

N02903 |Nitric Acid Manufacturing NOX [Selective Non-Catalytic Reduction (SNCR)

N0291S |Nitric Acid Manufacturing NOX |Extended Absorption

N0292S [Nitric Acid Manufacturing NOX [Selective Catalytic Reduction (SCR)

N0293S [Nitric Acid Manufacturing NOX [Selective Non-Catalytic Reduction (SNCR)

N03001 |Glass Manufacturing - Containers NOX  |Electric Boost

N03002 |Glass Manufacturing - Containers NOX [Cullet Preheat

N03003 |Glass Manufacturing - Containers NOX [Low NOx Burner

N03004 |Glass Manufacturing - Containers NOX |Selective Non-Catalytic Reduction (SNCR)
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Measure Major
Code |Source Category Pollutant |Control Measure

N03005 |Glass Manufacturing - Containers NOX [Selective Catalytic Reduction (SCR)

NO03006 |Glass Manufacturing - Containers NOX |OXY-Firing

NO0301S |Glass Manufacturing - Containers NOX |Electric Boost

N0302S |Glass Manufacturing - Containers NOX |Cullet Preheat

NO0303S |Glass Manufacturing - Containers NOX |Low NOx Burner

N0304S |Glass Manufacturing - Containers NOX |[Selective Non-Catalytic Reduction (SNCR)

NO0305S |Glass Manufacturing - Containers NOX [Selective Catalytic Reduction (SCR)

N0306S |Glass Manufacturing - Containers NOX |OXY-Firing

NO03101 |Glass Manufacturing - Flat NOX |Electric Boost

N03102 |Glass Manufacturing - Flat NOX |Low NOx Burner

N03103 |Glass Manufacturing - Flat NOX |[Selective Non-Catalytic Reduction (SNCR)

N03104 |Glass Manufacturing - Flat NOX [Selective Catalytic Reduction (SCR)

N03105 |Glass Manufacturing - Flat NOX |OXY-Firing

NO0311L |Glass Manufacturing - Flat - Large NOX |Electric Boost

NO0311S |Glass Manufacturing - Flat NOX |Electric Boost

NO0312L |Glass Manufacturing - Flat NOX |Low NOx Burner

NO0312S |Glass Manufacturing - Flat NOX |Low NOx Burner

NO0313L |Glass Manufacturing - Flat NOX |[Selective Non-Catalytic Reduction (SNCR)

N0313S |Glass Manufacturing - Flat NOX |[Selective Non-Catalytic Reduction (SNCR)

NO0314L |Glass Manufacturing - Flat NOX [Selective Catalytic Reduction (SCR)

N0314S |Glass Manufacturing - Flat NOX [Selective Catalytic Reduction (SCR)

NO0315L |Glass Manufacturing - Flat - Large NOX |OXY-Firing

NO0315S |Glass Manufacturing - Flat NOX |OXY-Firing

N03201 |Glass Manufacturing - Pressed NOX |Electric Boost

N03202 |Glass Manufacturing - Pressed NOX |Cullet Preheat

N03203 |Glass Manufacturing - Pressed NOX |Low NOx Burner

N03204 |Glass Manufacturing - Pressed NOX |[Selective Non-Catalytic Reduction (SNCR)

N03205 |Glass Manufacturing - Pressed NOX [Selective Catalytic Reduction (SCR)

N03206 |Glass Manufacturing - Pressed NOX |OXY-Firing

N0321S |Glass Manufacturing - Pressed NOX |Electric Boost

N0322S |Glass Manufacturing - Pressed NOX |Cullet Preheat

N0323S |Glass Manufacturing - Pressed NOX |Low NOx Burner

N0324S |Glass Manufacturing - Pressed NOX |[Selective Non-Catalytic Reduction (SNCR)

N0325S |Glass Manufacturing - Pressed NOX [Selective Catalytic Reduction (SCR)

N0326S |Glass Manufacturing - Pressed NOX |OXY-Firing

N03301 |Cement Manufacturing - Dry NOX  [Mid-Kiln Firing

N03302 |Cement Manufacturing - Dry NOX |Low NOx Burner

NO03303 |Cement Manufacturing - Dry NOX |Selective Non-Catalytic Reduction (SNCR)
Ammonia Based

NO03304 |Cement Manufacturing - Dry NOX |[Selective Non-Catalytic Reduction (SNCR)
Ammonia Based

N03305 |Cement Manufacturing - Dry NOX [Selective Catalytic Reduction (SCR)

NO0331L |Cement Manufacturing - Dry NOX  [Mid-Kiln Firing

N0331S |Cement Manufacturing - Dry NOX  [Mid-Kiln Firing

N0332S |Cement Manufacturing - Dry NOX |Low NOx Burner

NO0333S |Cement Manufacturing - Dry NOX |Selective Non-Catalytic Reduction (SNCR) Urea
Based

NO0334S [Cement Manufacturing - Dry NOX |[Selective Non-Catalytic Reduction (SNCR)
Ammonia Based

N0335S |Cement Manufacturing - Dry NOX [Selective Catalytic Reduction (SCR)

NO03401 |Cement Manufacturing - Wet NOX  [Mid-Kiln Firing

N03402 |Cement Manufacturing - Wet NOX |Low NOx Burner

N03403 |Cement Manufacturing - Wet NOX [Selective Catalytic Reduction (SCR)

NO0341L |Cement Manufacturing - Wet NOX  [Mid-Kiln Firing

N0341S |Cement Manufacturing - Wet NOX  [Mid-Kiln Firing

NO0342L |Cement Manufacturing - Wet NOX |Low NOx Burner

N0342S |Cement Manufacturing - Wet NOX |Low NOx Burner
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N0343L |Cement Manufacturing - Wet NOX [Selective Catalytic Reduction (SCR)

N0343S |Cement Manufacturing - Wet NOX [Selective Catalytic Reduction (SCR)

N03501 |lron & Steel Mills - Reheating NOX [Low Excess Air (LEA)

N03502 |lron & Steel Mills - Reheating NOX |Low NOx Burner

NO03503 |lron & Steel Mills - Reheating NOX [Low NOx Burner + Flue Gas Recirculation

NO0351S |Iron & Steel Mills - Reheating NOX [Low Excess Air (LEA)

NO0352S |Iron & Steel Mills - Reheating NOX |Low NOx Burner

NO0353S |Iron & Steel Mills - Reheating NOX [Low NOx Burner + Flue Gas Recirculation

NO03601 |lron & Steel Mills - Annealing NOX |Low NOx Burner

N03602 |lron & Steel Mills - Annealing NOX [Low NOx Burner + Flue Gas Recirculation

N03603 |lron & Steel Mills - Annealing NOX |[Selective Non-Catalytic Reduction (SNCR)

NO03604 |lron & Steel Mills - Annealing NOX |[Low NOx Burner - Selective Non-Catalytic
Reduction (SNCR)

N03605 |lron & Steel Mills - Annealing NOX [Selective Catalytic Reduction (SCR)

NO03606 |lron & Steel Mills - Annealing NOX |[Low NOx Burner (LNB) + Selective Catalytic
Reduction (SCR)

NO0361S |Iron & Steel Mills - Annealing NOX |Low NOx Burner

N0362S |Iron & Steel Mills - Annealing NOX [Low NOx Burner + Flue Gas Recirculation

N0363S |Iron & Steel Mills - Annealing NOX |[Selective Non-Catalytic Reduction (SNCR)

NO0364S |Iron & Steel Mills - Annealing NOX |[Low NOx Burner - Selective Non-Catalytic
Reduction (SNCR)

NO0365S |Iron & Steel Mills - Annealing NOX [Selective Catalytic Reduction (SCR)

NO0366S |Iron & Steel Mills - Annealing NOX  [Low NOx Burner (LNB) + Selective Catalytic
Reduction (SCR)

NO03701 |lron & Steel Mills - Galvanizing NOX |Low NOx Burner

NO03702 |lron & Steel Mills - Galvanizing NOX [Low NOx Burner + Flue Gas Recirculation

NO0371S |Iron & Steel Mills - Galvanizing NOX |Low NOx Burner

NO0372S |Iron & Steel Mills - Galvanizing NOX [Low NOx Burner + Flue Gas Recirculation

N03801 |Municipal Waste Combustors NOX |[Selective Non-Catalytic Reduction (SNCR)

N0381S |Municipal Waste Combustors NOX |[Selective Non-Catalytic Reduction (SNCR)

N03901 |Medical Waste Incinerators NOX |[Selective Non-Catalytic Reduction (SNCR)

N0391S |Medical Waste Incinerators NOX |[Selective Non-Catalytic Reduction (SNCR)

NO04101 |ICI Boilers - Process Gas NOX |Low NOx Burner

NO04102 |ICI Boilers - Process Gas NOX [Low NOx Burner + Flue Gas Recirculation

NO04103 |ICI Boilers - Process Gas NOX |Oxygen Trim + Water Injection

N04104 |ICI Boilers - Process Gas NOX |[Selective Catalytic Reduction (SCR)

N0411S |ICI Boilers - Process Gas NOX |Low NOx Burner

N0412S |ICI Boilers - Process Gas NOX [Low NOx Burner + Flue Gas Recirculation

N0413S |ICI Boilers - Process Gas NOX |Oxygen Trim + Water Injection

N0414S |ICI Boilers - Process Gas NOX |[Selective Catalytic Reduction (SCR)

N04201 |ICI Boilers - Coke NOX |[Selective Non-Catalytic Reduction (SNCR)

N04203 |ICI Boilers - Coke NOX |Low NOx Burner

N04204 |ICI Boilers - Coke NOX |[Selective Catalytic Reduction (SCR)

N0421S |ICI Boilers - Coke NOX |[Selective Non-Catalytic Reduction (SNCR)

N0423S |ICI Boilers - Coke NOX |Low NOx Burner

N0424S |ICI Boilers - Coke NOX |[Selective Catalytic Reduction (SCR)

NO04301 |ICI Boilers - LPG NOX |Low NOx Burner

N04302 |ICI Boilers - LPG NOX [Low NOx Burner + Flue Gas Recirculation

N04303 |[ICI Boilers - LPG NOX |[Selective Catalytic Reduction (SCR)

N04304 |[ICI Boilers - LPG NOX |[Selective Non-Catalytic Reduction (SNCR)

N0431S |ICI Boilers - LPG NOX |Low NOx Burner

N0432S |ICI Boilers - LPG NOX [Low NOx Burner + Flue Gas Recirculation

N0433S |ICI Boilers - LPG NOX |[Selective Catalytic Reduction (SCR)

N0434S |ICI Boilers - LPG NOX |[Selective Non-Catalytic Reduction (SNCR)

NO04501 |ICI Boilers - Liquid Waste NOX |Low NOx Burner

NO04502 |ICI Boilers - Liquid Waste NOX [Low NOx Burner + Flue Gas Recirculation

N04503 |ICI Boilers - Liquid Waste NOX |Selective Catalytic Reduction (SCR)
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N04504 |ICI Boilers - Liquid Waste NOX |[Selective Non-Catalytic Reduction (SNCR)

N0451S |ICI Boilers - Liquid Waste NOX [Low NOx Burner

N0452S |ICI Boilers - Liquid Waste NOX [Low NOx Burner + Flue Gas Recirculation

N0453S |ICI Boilers - Liquid Waste NOX |[Selective Catalytic Reduction (SCR)

NO0454L |ICI Boilers - Distillate Oil - Large Sources NOX |[Selective Non-Catalytic Reduction (SNCR)

N0454S |ICI Boilers - Liquid Waste NOX |[Selective Non-Catalytic Reduction (SNCR)

N04601 |IC Engines - Gas, Diesel, LPG NOX Ignition Retard

N04604 |IC Engines - Gas, Diesel, LPG NOX [Selective Catalytic Reduction (SCR)

N04605 |Rich Burn IC Engines - Gas, Diesel, LPG NOX [Non-Selective Catalytic Reduction (NSCR)

N0461S |IC Engines - Gas, Diesel, LPG NOX Ignition Retard

N0464S |IC Engines - Gas, Diesel, LPG NOX [Selective Catalytic Reduction (SCR)

N0465S |Rich Burn IC Engines - Gas, Diesel, LPG NOX [Non-Selective Catalytic Reduction (NSCR)

NO04701 |Process Heaters - Process Gas NOX [Low NOx Burner

N04702 |Process Heaters - Process Gas NOX |[Low NOx Burner + Flue Gas Recirculation

N04703 |Process Heaters - Process Gas NOX |[Selective Non-Catalytic Reduction (SNCR)

NO04704 |Process Heaters - Process Gas NOX [Ultra Low NOx Burner

NO04705 |Process Heaters - Process Gas NOX [Selective Catalytic Reduction (SCR)

NO4706 |Process Heaters - Process Gas NOX  [Low NOx Burner - Selective Non-Catalytic
Reduction (SNCR)

NO04707 |Process Heaters - Process Gas NOX |[Low NOx Burner (LNB) + Selective Catalytic
Reduction (SCR)

NO0471S |Process Heaters - Process Gas NOX [Low NOx Burner

N0472S |Process Heaters - Process Gas NOX |[Low NOx Burner + Flue Gas Recirculation

N0473S |Process Heaters - Process Gas NOX |[Selective Non-Catalytic Reduction (SNCR)

NO0474S |Process Heaters - Process Gas NOX [Ultra Low NOx Burner

N0475S |Process Heaters - Process Gas NOX [Selective Catalytic Reduction (SCR)

NO0476S |Process Heaters - Process Gas NOX  [Low NOx Burner - Selective Non-Catalytic
Reduction (SNCR)

N0477S |Process Heaters - Process Gas NOX  |[Low NOx Burner (LNB) + Selective Catalytic
Reduction (SCR)

NO04801 |Process Heaters - LPG NOX [Low NOx Burner

N04802 |Process Heaters - LPG NOX |[Low NOx Burner + Flue Gas Recirculation

N04803 |Process Heaters - LPG NOX |[Selective Non-Catalytic Reduction (SNCR)

N04804 |Process Heaters - LPG NOX |Ultra Low NOx Burner

N04805 |Process Heaters - LPG NOX [Selective Catalytic Reduction (SCR)

NO04806 |Process Heaters - LPG NOX  [Low NOx Burner - Selective Non-Catalytic
Reduction (SNCR)

NO04807 |Process Heaters - LPG NOX |[Low NOx Burner (LNB) + Selective Catalytic
Reduction (SCR)

NO0481S |Process Heaters - LPG NOX [Low NOx Burner

N0482S |Process Heaters - LPG NOX |[Low NOx Burner + Flue Gas Recirculation

N0483S |Process Heaters - LPG NOX |[Selective Non-Catalytic Reduction (SNCR)

N0484S |Process Heaters - LPG NOX |Ultra Low NOx Burner

N0485S |Process Heaters - LPG NOX [Selective Catalytic Reduction (SCR)

NO0486S |Process Heaters - LPG NOX |[Low NOx Burner - Selective Non-Catalytic
Reduction (SNCR)

N0487S |Process Heaters - LPG NOX  [Low NOx Burner (LNB) + Selective Catalytic
Reduction (SCR)

NO04901 |Process Heaters - Other Fuel NOX |[Low NOx Burner + Flue Gas Recirculation

N04902 |Process Heaters - Other Fuel NOX [Low NOx Burner

N04903 |Process Heaters - Other Fuel NOX |[Selective Non-Catalytic Reduction (SNCR)

N04904 |Process Heaters - Other Fuel NOX [Ultra Low NOx Burner

NO04905 |Process Heaters - Other Fuel NOX |[Low NOx Burner - Selective Non-Catalytic
Reduction (SNCR)

N04906 |Process Heaters - Other Fuel NOX [Selective Catalytic Reduction (SCR)

NO04907 |Process Heaters - Other Fuel NOX |[Low NOx Burner (LNB) + Selective Catalytic
Reduction (SCR)
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NO0491S |Process Heaters - Other Fuel NOX [Low NOx Burner + Flue Gas Recirculation

N0492S |Process Heaters - Other Fuel NOX |Low NOx Burner

N0493S |Process Heaters - Other Fuel NOX |[Selective Non-Catalytic Reduction (SNCR)

N0494S |Process Heaters - Other Fuel NOX |Ultra Low NOx Burner

NO0495S |Process Heaters - Other Fuel NOX  [Low NOx Burner - Selective Non-Catalytic
Reduction (SNCR)

N0496S |Process Heaters - Other Fuel NOX [Selective Catalytic Reduction (SCR)

N0497S |Process Heaters - Other Fuel NOX  [Low NOx Burner (LNB) + Selective Catalytic
Reduction (SCR)

N05001 |Combustion Turbines - Jet Fuel NOX |[Water Injection

NO05002 |Combustion Turbines - Jet Fuel NOX |[Selective Catalytic Reduction (SCR) + Water
Injection

N0501S |Combustion Turbines - Jet Fuel NOX |Water Injection

N0502S |[Combustion Turbines - Jet Fuel NOX [Selective Catalytic Reduction (SCR) + Water
Injection

NO05401 |Space Heaters - Distillate Oil NOX [Low NOx Burner

N05402 |Space Heaters - Distillate Oil NOX |[Low NOx Burner + Flue Gas Recirculation

N05403 |Space Heaters - Distillate Oil NOX [Selective Catalytic Reduction (SCR)

N05404 |Space Heaters - Distillate Oil NOX |[Selective Non-Catalytic Reduction (SNCR)

NO0541S |Space Heaters - Distillate Qil NOX [Low NOx Burner

N0542S |Space Heaters - Distillate Qil NOX |[Low NOx Burner + Flue Gas Recirculation

N0543S |Space Heaters - Distillate Oil NOX [Selective Catalytic Reduction (SCR)

N0544S |Space Heaters - Distillate Oil NOX |[Selective Non-Catalytic Reduction (SNCR)

NO05501 |Space Heaters - Natural Gas NOX [Low NOx Burner

NO05502 |Space Heaters - Natural Gas NOX |[Low NOx Burner + Flue Gas Recirculation

NO05503 |Space Heaters - Natural Gas NOX |Oxygen Trim + Water Injection

NO05504 |Space Heaters - Natural Gas NOX [Selective Catalytic Reduction (SCR)

NO05505 |Space Heaters - Natural Gas NOX |[Selective Non-Catalytic Reduction (SNCR)

NO0551S |Space Heaters - Natural Gas NOX [Low NOx Burner

NO0552S |Space Heaters - Natural Gas NOX |[Low NOx Burner + Flue Gas Recirculation

NO0553S |Space Heaters - Natural Gas NOX |Oxygen Trim + Water Injection

NO0554S |Space Heaters - Natural Gas NOX [Selective Catalytic Reduction (SCR)

NO0555S |Space Heaters - Natural Gas NOX |[Selective Non-Catalytic Reduction (SNCR)

NO05601 |Ammonia - NG-Fired Reformers NOX |Low NOx Burner

NO05602 |Ammonia - NG-Fired Reformers NOX [Low NOx Burner + Flue Gas Recirculation

NO05603 |Ammonia - NG-Fired Reformers NOX |Oxygen Trim + Water Injection

N05604 |Ammonia - NG-Fired Reformers NOX [Selective Catalytic Reduction (SCR)

NO05605 |Ammonia - NG-Fired Reformers NOX |[Selective Non-Catalytic Reduction (SNCR)

NO0561S |Ammonia - NG-Fired Reformers NOX |Low NOx Burner

N0562S |Ammonia - NG-Fired Reformers NOX  |[Low NOx Burner (LNB) + Flue Gas Recirculation
(FGR)

N0563S |Ammonia - NG-Fired Reformers NOX |Oxygen Trim + Water Injection

N0564S |Ammonia - NG-Fired Reformers NOX [Selective Catalytic Reduction (SCR)

N0565S |Ammonia - NG-Fired Reformers NOX [Selective Non-Catalytic Reduction (SNCR)

N05801 |Lime Kilns NOX  |Mid-Kiln Firing

N05802 |Lime Kilns NOX |Low NOx Burner

NO05803 |Lime Kilns NOX |[Selective Non-Catalytic Reduction (SNCR) Urea
Based

NO05804 |Lime Kilns NOX |Selective Non-Catalytic Reduction (SNCR)
Ammonia Based

N05805 |Lime Kilns NOX [Selective Catalytic Reduction (SCR)

NO581L |Lime Kilns NOX  |Mid-Kiln Firing

N0581S |Lime Kilns NOX [Mid-Kiln Firing

N0582S |Lime Kilns NOX |Low NOx Burner

NO0583S |[Lime Kilns NOX |[Selective Non-Catalytic Reduction (SNCR) Urea
Based

Document No. 05.09.009/9010.463 II-12 Report



PECHAN

September 2005

Table 1I-2 (continued)

Measure Major
Code |Source Category Pollutant |Control Measure
NO0584S |Lime Kilns NOX |Selective Non-Catalytic Reduction (SNCR)
Ammonia Based
N0585S |Lime Kilns NOX [Selective Catalytic Reduction (SCR)
N05901 |Comm./Inst. Incinerators NOX [Selective Non-Catalytic Reduction (SNCR)
N0591S |Comm./Inst. Incinerators NOX [Selective Non-Catalytic Reduction (SNCR)
N06001 |Indust. Incinerators NOX [Selective Non-Catalytic Reduction (SNCR)
N0601S |Indust. Incinerators NOX [Selective Non-Catalytic Reduction (SNCR)
N06101 |Sulfate Pulping - Recovery Furnaces NOX [Low NOx Burner
N06102 |Sulfate Pulping - Recovery Furnaces NOX [Low NOx Burner + Flue Gas Recirculation
N06103 |Sulfate Pulping - Recovery Furnaces NOX |Oxygen Trim + Water Injection
N06104 |Sulfate Pulping - Recovery Furnaces NOX [Selective Catalytic Reduction (SCR)
N06105 |Sulfate Pulping - Recovery Furnaces NOX [Selective Non-Catalytic Reduction (SNCR)
N0611S |[Sulfate Pulping - Recovery Furnaces NOX [Low NOx Burner
N0612S |[Sulfate Pulping - Recovery Furnaces NOX [Low NOx Burner + Flue Gas Recirculation
N0613S |[Sulfate Pulping - Recovery Furnaces NOX |Oxygen Trim + Water Injection
N0614S |Sulfate Pulping - Recovery Furnaces NOX [Selective Catalytic Reduction (SCR)
N0615S |Sulfate Pulping - Recovery Furnaces NOX [Selective Non-Catalytic Reduction (SNCR)
N06202 |Ammonia Prod; Feedstock NOX |Low NOx Burner + Flue Gas Recirculation
Desulfurization
N0622S |Ammonia Prod; Feedstock NOX Low NOx Burner + Flue Gas Recirculation
Desulfurization
N06302 |Plastics Prod-Specific; (ABS) NOX [Low NOx Burner + Flue Gas Recirculation
N0632S |Plastics Prod-Specific; (ABS) NOX [Low NOx Burner + Flue Gas Recirculation
N06402 |Starch Mfg; Combined Operation NOX [Low NOx Burner + Flue Gas Recirculation
N0642S |Starch Mfg; Combined Operation NOX [Low NOx Burner + Flue Gas Recirculation
N06503 |By-Product Coke Mfg; Oven Underfiring NOX [Selective Non-Catalytic Reduction (SNCR)
N0653S |By-Product Coke Mfg; Oven Underfiring NOX [Selective Non-Catalytic Reduction (SNCR)
N06703 |lron Prod; Blast Furn; Blast Htg Stoves NOX |Low NOx Burner + Flue Gas Recirculation
N0673S |Iron Prod; Blast Furn; Blast Htg Stoves NOX |Low NOx Burner + Flue Gas Recirculation
N06802 |Steel Prod; Soaking Pits NOX |Low NOx Burner + Flue Gas Recirculation
N0682S |Steel Prod; Soaking Pits NOX |Low NOx Burner + Flue Gas Recirculation
N06902 |Fuel Fired Equip; Process Htrs; Process NOX Low NOx Burner + Flue Gas Recirculation
Gas
N0692S |Fuel Fired Equip; Process Htrs; Process NOX Low NOx Burner + Flue Gas Recirculation
Gas
NO7001 |Sec Alum Prod; Smelting Furn NOX |Low NOx Burner
NO701S |Sec Alum Prod; Smelting Furn NOX |Low NOx Burner
NO7101 |Steel Foundries; Heat Treating NOX |Low NOx Burner
NO711S |Steel Foundries; Heat Treating NOX |Low NOx Burner
NO7201 |Fuel Fired Equip; Furnaces; Natural Gas NOX |Low NOx Burner
NO721L |Fuel Fired Equip; Furnaces; Natural Gas NOX |Low NOx Burner
NO721S |Fuel Fired Equip; Furnaces; Natural Gas NOX |Low NOx Burner
NO7301 |Asphaltic Conc; Rotary Dryer; Conv Plant NOX [Low NOx Burner
NO731S |Asphaltic Conc; Rotary Dryer; Conv Plant NOX [Low NOx Burner
NO07401 |Ceramic Clay Mfg; Drying NOX [Low NOx Burner
NO0741S |Ceramic Clay Mfg; Drying NOX [Low NOx Burner
NO7503 |Coal Cleaning-Thrml Dryer; Fluidized NOX [Low NOx Burner
Bed
NO0753S |Coal Cleaning-Thrml Dryer; Fluidized NOX [Low NOx Burner
Bed
NO7603 |Fiberglass Mfg; Textile -Type Fbr; Recup NOX  [Low NOx Burner
Furn
NO763S |Fiberglass Mfg; Textile -Type Fbr; Recup NOX [Low NOx Burner
Furn
NQO7702 |Sand/Gravel; Dryer NOX |Low NOx Burner + Flue Gas Recirculation
NQO772S |Sand/Gravel; Dryer NOX |Low NOx Burner + Flue Gas Recirculation
NO07802 |Fluid Cat Cracking Units NOX |Low NOx Burner + Flue Gas Recirculation
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Measure Major
Code |Source Category Pollutant |Control Measure
NO0782S |Fluid Cat Cracking Units NOX [Low NOx Burner + Flue Gas Recirculation
NO07901 |Conv Coating of Prod; Acid Cleaning NOX |Low NOx Burner
Bath
NO0791S [Conv Coating of Prod; Acid Cleaning NOX [Low NOx Burner
Bath
N08012 |Natural Gas Prod; Compressors NOX [Selective Catalytic Reduction (SCR)
NO08103 |In-Process; Bituminous Coal; Cement NOX |Selective Non-Catalytic Reduction (SNCR) Urea
Kilns Based
NO0813S |In-Process; Bituminous Coal; Cement NOX |[Selective Non-Catalytic Reduction (SNCR) Urea
Kilns Based
N08203 |In-Process; Bituminous Coal; Lime Kilns NOX |Selective Non-Catalytic Reduction (SNCR) Urea
Based
NO0823S |In-Process; Bituminous Coal; Lime Kilns NOX |[Selective Non-Catalytic Reduction (SNCR) Urea
Based
N08301 |In-Process Fuel Use; Bituminous Coal NOX |[Selective Non-Catalytic Reduction (SNCR)
N0831S |In-Process Fuel Use; Bituminous Coal NOX |[Selective Non-Catalytic Reduction (SNCR)
N08402 |In-Process Fuel Use; Residual Oil NOX Low NOx Burner
N0842S |In-Process Fuel Use; Residual Oil NOX Low NOx Burner
N08501 |In-Process Fuel Use; Natural Gas NOX Low NOx Burner
N0851S |In-Process Fuel Use; Natural Gas NOX Low NOx Burner
N08602 |In-Process; Process Gas; Coke Oven NOX Low NOx Burner + Flue Gas Recirculation
Gas
N0862S |In-Process; Process Gas; Coke Oven NOX |Low NOx Burner + Flue Gas Recirculation
Gas
N08701 |In-Process; Process Gas; Coke Oven NOX Low NOx Burner
Gas
N0871S |In-Process; Process Gas; Coke Oven NOX |Low NOx Burner
Gas
NO08801 |Surf Coat Oper; Coating Oven Htr; Nat NOX Low NOx Burner
Gas
N0881S |[Surf Coat Oper; Coating Oven Htr; Nat NOX |Low NOx Burner
Gas
N08901 |Solid Waste Disp; Gov; Other Inc NOX |[Selective Non-Catalytic Reduction (SNCR)
N0891S |Solid Waste Disp; Gov; Other Inc NOX |[Selective Non-Catalytic Reduction (SNCR)
N10001 |Industrial Coal Combustion NOX |RACT to 50 tpy (LNB)
N10002 |Industrial Coal Combustion NOX |RACT to 25 tpy (LNB)
N10101 |Industrial Oil Combustion NOX |RACT to 50 tpy (LNB)
N10102 |Industrial Oil Combustion NOX |RACT to 25 tpy (LNB)
N10201 |Industrial NG Combustion NOX |RACT to 50 tpy (LNB)
N10202 |Industrial NG Combustion NOX |RACT to 25 tpy (LNB)
N10601 |Commercial/Institutional - NG NOX |Water Heater Replacement
N10603 |Commercial/Institutional - NG NOX [Water Heaters + LNB Space Heaters
N10901 |[Residential NG NOX |Water Heater Replacement
N10903 |Residential NG NOX |Water Heater + LNB Space Heaters
N12201 |Open Burning NOX |Episodic Ban (Daily Only)
N13201 |Agricultural Burning NOX |Seasonal Ban (Ozone Season Daily)
N13701 |Diesel Locomotives NOX [Selective Catalytic Reduction (SCR)
NCEMK |Cement Kilns NOX |Biosolid Injection Technology
P2011 |Industrial Boilers - Coal PM Fabric Filter (Pulse Jet Type)
P2012 |Industrial Boilers - Coal PM Dry ESP-Wire Plate Type
P2013 |Industrial Boilers - Coal PM Fabric Filter (Reverse-Air Cleaned Type)
P2014 |Industrial Boilers - Coal PM Venturi Scrubber
P2021 |Industrial Boilers - Wood PM Fabric Filter (Pulse Jet Type)
P2022 |Industrial Boilers - Wood PM Dry ESP-Wire Plate Type
P2023 |Industrial Boilers - Wood PM Fabric Filter (Reverse-Air Cleaned Type)
P2024 |Industrial Boilers - Wood PM Venturi Scrubber
P2031 |[Industrial Boilers - Qil PM Dry ESP-Wire Plate Type
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Measure Major
Code |Source Category Pollutant |Control Measure
P2032 |Industrial Boilers - Oil PM Venturi Scrubber
P2041 |Industrial Boilers - Liquid Waste PM Dry ESP-Wire Plate Type
P2051 |Commercial Institutional Boilers PM Fabric Filter (Pulse Jet Type)
P2052 |Commercial Institutional Boilers PM Dry ESP-Wire Plate Type
P2053 |Commercial Institutional Boilers PM Fabric Filter (Reverse-Air Cleaned Type)
P2061 |Commercial Institutional Boilers PM Fabric Filter (Pulse Jet Type)
P2062 |Commercial Institutional Boilers PM Dry ESP-Wire Plate Type
P2063 |Commercial Institutional Boilers PM Fabric Filter (Reverse-Air Cleaned Type)
P2071 |Commercial Institutional Boilers PM Dry ESP-Wire Plate Type
P2081 [Non-Ferrous Metals Processing PM Fabric Filter (Mech. Shaker Type)
P2082 [Non-Ferrous Metals Processing PM Dry ESP-Wire Plate Type
P2083 [Non-Ferrous Metals Processing PM Wet ESP - Wire Plate Type
P2084 [Non-Ferrous Metals Processing PM Fabric Filter (Reverse-Air Cleaned Type)
P2091 [Non-Ferrous Metals Processing PM Fabric Filter (Mech. Shaker Type)
P2092 [Non-Ferrous Metals Processing PM Dry ESP-Wire Plate Type
P2093 [Non-Ferrous Metals Processing PM Wet ESP - Wire Plate Type
P2094 [Non-Ferrous Metals Processing PM Fabric Filter (Reverse-Air Cleaned Type)
P2101 [Non-Ferrous Metals Processing PM Fabric Filter (Mech. Shaker Type)
P2102 [Non-Ferrous Metals Processing PM Dry ESP-Wire Plate Type
P2103 [Non-Ferrous Metals Processing PM Wet ESP - Wire Plate Type
P2104 |[Non-Ferrous Metals Processing PM Fabric Filter (Reverse-Air Cleaned Type)
P2111 |[Non-Ferrous Metals Processing PM Fabric Filter (Mech. Shaker Type)
P2112 [Non-Ferrous Metals Processing PM Dry ESP-Wire Plate Type
P2113 [Non-Ferrous Metals Processing PM Wet ESP - Wire Plate Type
P2114 |Non-Ferrous Metals Processing PM Fabric Filter (Reverse-Air Cleaned Type)
P2121 [Non-Ferrous Metals Processing PM Fabric Filter (Mech. Shaker Type)
P2122 [Non-Ferrous Metals Processing PM Dry ESP-Wire Plate Type
P2123 [Non-Ferrous Metals Processing PM Wet ESP - Wire Plate Type
P2124 |Non-Ferrous Metals Processing PM Fabric Filter (Reverse-Air Cleaned Type)
P2131 |Ferrous Metals Processing - Coke PM Fabric Filter (Mech. Shaker Type)
P2132 |Ferrous Metals Processing - Coke PM Fabric Filter (Reverse-Air Cleaned Type)
P2133 |Ferrous Metals Processing - Coke PM Venturi Scrubber
P2141 |Ferrous Metals Processing - Ferroalloy PM Fabric Filter (Mech. Shaker Type)
Production
P2142 |Ferrous Metals Processing - Ferroalloy PM Dry ESP-Wire Plate Type
Production
P2143 |Ferrous Metals Processing - Ferroalloy PM Fabric Filter (Reverse-Air Cleaned Type)
Production
P2151 |Ferrous Metals Processing - Iron and PM Fabric Filter (Pulse Jet Type)
Steel Production
P2152 |Ferrous Metals Processing - Iron and PM Fabric Filter (Mech. Shaker Type)
Steel Production
P2153 |Ferrous Metals Processing - Iron and PM Dry ESP-Wire Plate Type
Steel Production
P2154 |Ferrous Metals Processing - Iron and PM Wet ESP - Wire Plate Type
Steel Production
P2155 |Ferrous Metals Processing - Iron and PM Fabric Filter (Reverse-Air Cleaned Type)
Steel Production
P2156 |Ferrous Metals Processing - Iron and PM Venturi Scrubber
Steel Production
P2161 |Ferrous Metals Processing - Gray Iron PM Fabric Filter (Mech. Shaker Type)
Foundries
P2162 |Ferrous Metals Processing - Gray Iron PM Dry ESP-Wire Plate Type
Foundries
P2163 |Ferrous Metals Processing - Gray Iron PM Fabric Filter (Reverse-Air Cleaned Type)
Foundries
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Measure Major
Code |Source Category Pollutant |Control Measure
P2164 |Ferrous Metals Processing - Gray Iron PM Impingement-Plate Scrubber
Foundries
P2165 |Ferrous Metals Processing - Gray Iron PM Venturi Scrubber
Foundries
P2171 |Ferrous Metals Processing - Steel PM Fabric Filter (Pulse Jet Type)
Foundries
P2172 |Ferrous Metals Processing - Steel PM Fabric Filter (Mech. Shaker Type)
Foundries
P2173 |Ferrous Metals Processing - Steel PM Dry ESP-Wire Plate Type
Foundries
P2174 |Ferrous Metals Processing - Steel PM Wet ESP - Wire Plate Type
Foundries
P2175 |Ferrous Metals Processing - Steel PM Fabric Filter (Reverse-Air Cleaned Type)
Foundries
P2176 |Ferrous Metals Processing - Steel PM Venturi Scrubber
Foundries
P2181 [Mineral Products - Cement Manufacture PM Fabric Filter (Pulse Jet Type)
P2182 [Mineral Products - Cement Manufacture PM Fabric Filter (Mech. Shaker Type)
P2183 [Mineral Products - Cement Manufacture PM Dry ESP-Wire Plate Type
P2184 [Mineral Products - Cement Manufacture PM Paper/Nonwoven Filters - Cartridge Collector
Type
P2185 |[Mineral Products - Cement Manufacture PM Fabric Filter (Reverse-Air Cleaned Type)
P2191 [Mineral Products - Coal Cleaning PM Fabric Filter (Pulse Jet Type)
P2192 [Mineral Products - Coal Cleaning PM Fabric Filter (Mech. Shaker Type)
P2193 [Mineral Products - Coal Cleaning PM Paper/Nonwoven Filters - Cartridge Collector
Type
P2194 |Mineral Products - Coal Cleaning PM Fabric Filter (Reverse-Air Cleaned Type)
P2195 |[Mineral Products - Coal Cleaning PM Venturi Scrubber
P2201 [Mineral Products - Stone Quarrying and PM Fabric Filter (Pulse Jet Type)
Processing
P2202 [Mineral Products - Stone Quarrying and PM Fabric Filter (Mech. Shaker Type)
Processing
P2203 [Mineral Products - Stone Quarrying and PM Dry ESP-Wire Plate Type
Processing
P2204 [Mineral Products - Stone Quarrying and PM Wet ESP - Wire Plate Type
Processing
P2205 |[Mineral Products - Stone Quarrying and PM Paper/Nonwoven Filters - Cartridge Collector
Processing Type
P2206 [Mineral Products - Stone Quarrying and PM Fabric Filter (Reverse-Air Cleaned Type)
Processing
P2207 [Mineral Products - Stone Quarrying and PM Venturi Scrubber
Processing
P2211 |Mineral Products - Other PM Fabric Filter (Pulse Jet Type)
P2212 |Mineral Products - Other PM Fabric Filter (Mech. Shaker Type)
P2213 |Mineral Products - Other PM Dry ESP-Wire Plate Type
P2214 |Mineral Products - Other PM Wet ESP - Wire Plate Type
P2215 |[Mineral Products - Other PM Paper/Nonwoven Filters - Cartridge Collector
Type
P2216 |Mineral Products - Other PM Fabric Filter (Reverse-Air Cleaned Type)
P2221 |Asphalt Manufacture PM Fabric Filter (Pulse Jet Type)
P2222 |Asphalt Manufacture PM Fabric Filter (Mech. Shaker Type)
P2223 |Asphalt Manufacture PM Paper/Nonwoven Filters - Cartridge Collector
Type
P2224 |Asphalt Manufacture PM Fabric Filter (Reverse-Air Cleaned Type)
P2231 |Grain Milling PM Fabric Filter (Pulse Jet Type)
P2232 |Grain Milling PM Paper/Nonwoven Filters - Cartridge Collector
Type
P2233 |Grain Milling PM Fabric Filter (Reverse-Air Cleaned Type)
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Measure Major
Code |Source Category Pollutant |Control Measure
P2241 |Wood Pulp & Paper PM Dry ESP-Wire Plate Type
P2242 |Wood Pulp & Paper PM Wet ESP - Wire Plate Type
P2251 |Chemical Manufacture PM Wet ESP - Wire Plate Type
P2261 [Municipal Waste Incineration PM Dry ESP-Wire Plate Type
P2271 |Fabricated Metal Products - Abrasive PM Paper/Nonwoven Filters - Cartridge Collector
Blasting Type
P2291 |Fabricated Metal Products - Welding PM Paper/Nonwoven Filters - Cartridge Collector
Type
P3201 |Industrial Boilers - Coal PM Increased Monitoring Frequency (IMF) of PM
Control
P3202 |Industrial Boilers - Wood PM Increased Monitoring Frequency (IMF) of PM
Control
P3203 |Industrial Boilers - Oil PM Increased Monitoring Frequency (IMF) of PM
Control
P3204 |Industrial Boilers - Liquid Waste PM Increased Monitoring Frequency (IMF) of PM
Control
P3205 |Commercial Institutional Boilers - Coal PM Increased Monitoring Frequency (IMF) of PM
Control
P3206 |Commercial Institutional Boilers - Wood PM Increased Monitoring Frequency (IMF) of PM
Control
P3207 |Commercial Institutional Boilers - Oil PM Increased Monitoring Frequency (IMF) of PM
Control
P3208 [Non-Ferrous Metals Processing - Copper PM Increased Monitoring Frequency (IMF) of PM
Control
P3209 [Non-Ferrous Metals Processing - Lead PM Increased Monitoring Frequency (IMF) of PM
Control
P3210 [Non-Ferrous Metals Processing - Zinc PM Increased Monitoring Frequency (IMF) of PM
Control
P3211 [Non-Ferrous Metals Processing - PM Increased Monitoring Frequency (IMF) of PM
Aluminum Control
P3212 [Non-Ferrous Metals Processing - Other PM Increased Monitoring Frequency (IMF) of PM
Control
P3213 |Ferrous Metals Processing - Coke PM Increased Monitoring Frequency (IMF) of PM
Control
P3214 |Ferrous Metals Processing - Ferroalloy PM Increased Monitoring Frequency (IMF) of PM
Production Control
P3215 |Ferrous Metals Processing - Iron & Steel PM Increased Monitoring Frequency (IMF) of PM
Production Control
P3216 |Ferrous Metals Processing - Gray Iron PM Increased Monitoring Frequency (IMF) of PM
Foundries Control
P3217 |Ferrous Metals Processing - Steel PM Increased Monitoring Frequency (IMF) of PM
Foundries Control
P3218 [Mineral Products - Cement Manufacture PM Increased Monitoring Frequency (IMF) of PM
Control
P3219 [Mineral Products - Coal Cleaning PM Increased Monitoring Frequency (IMF) of PM
Control
P3220 [Mineral Products - Stone Quarrying & PM Increased Monitoring Frequency (IMF) of PM
Processing Control
P3221 [Mineral Products - Other PM Increased Monitoring Frequency (IMF) of PM
Control
P3222 |Asphalt Manufacture PM Increased Monitoring Frequency (IMF) of PM
Control
P3225 |Chemical Manufacture PM Increased Monitoring Frequency (IMF) of PM
Control
P3226 |Electric Generation - Coal PM Increased Monitoring Frequency (IMF) of PM
Control
P3227 |Commercial Institutional Boilers - LPG PM Increased Monitoring Frequency (IMF) of PM
Control
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Code |Source Category Pollutant |Control Measure
P3228 |Commercial Institutional Boilers - Liquid PM Increased Monitoring Frequency (IMF) of PM
Waste Control
P3229 |Commercial Institutional Boilers - Natural PM Increased Monitoring Frequency (IMF) of PM
Gas Control
P3230 |[Commercial Institutional Boilers - PM Increased Monitoring Frequency (IMF) of PM
Process Gas Control
P3231 |Commercial Institutional Boilers - Solid PM Increased Monitoring Frequency (IMF) of PM
Waste Control
P3232 |Electric Generation - Coke PM Increased Monitoring Frequency (IMF) of PM
Control
P3233 |Electric Generation - Bagasse PM Increased Monitoring Frequency (IMF) of PM
Control
P3234 |Electric Generation - LPG PM Increased Monitoring Frequency (IMF) of PM
Control
P3235 |Electric Generation - Liquid Waste PM Increased Monitoring Frequency (IMF) of PM
Control
P3236 |Electric Generation - Natural Gas PM Increased Monitoring Frequency (IMF) of PM
Control
P3237 |Electric Generation - Oil PM Increased Monitoring Frequency (IMF) of PM
Control
P3238 |Electric Generation - Solid Waste PM Increased Monitoring Frequency (IMF) of PM
Control
P3239 |Electric Generation - Wood PM Increased Monitoring Frequency (IMF) of PM
Control
P3240 |Ferrous Metals Processing - Other PM Increased Monitoring Frequency (IMF) of PM
Control
P3241 |Industrial Boilers - Coke PM Increased Monitoring Frequency (IMF) of PM
Control
P3242 |Industrial Boilers - LPG PM Increased Monitoring Frequency (IMF) of PM
Control
P3243 |Industrial Boilers - Natural Gas PM Increased Monitoring Frequency (IMF) of PM
Control
P3244 |Industrial Boilers - Process Gas PM Increased Monitoring Frequency (IMF) of PM
Control
P3245 |Industrial Boilers - Solid Waste PM Increased Monitoring Frequency (IMF) of PM
Control
P4201 |Industrial Boilers - Coal PM Increased Monitoring Frequency (IMF) of PM
Control
P4202 |Industrial Boilers - Wood PM CEM Upgrade and Increased Monitoring
Frequency of PM Controls
P4203 |Industrial Boilers - Oll PM CEM Upgrade and Increased Monitoring
Frequency of PM Controls
P4204 |Industrial Boilers - Liquid Waste PM CEM Upgrade and Increased Monitoring
Frequency of PM Controls
P4205 |[Commercial Institutional Boilers - Coal PM CEM Upgrade and Increased Monitoring
Frequency of PM Controls
P4206 |Commercial Institutional Boilers - Wood PM CEM Upgrade and Increased Monitoring
Frequency of PM Controls
P4207 |Commercial Institutional Boilers - Oll PM CEM Upgrade and Increased Monitoring
Frequency of PM Controls
P4208 [Non-Ferrous Metals Processing - Copper PM CEM Upgrade and Increased Monitoring
Frequency of PM Controls
P4209 |[Non-Ferrous Metals Processing - Lead PM CEM Upgrade and Increased Monitoring
Frequency of PM Controls
P4210 [Non-Ferrous Metals Processing - Zinc PM CEM Upgrade and Increased Monitoring
Frequency of PM Controls
P4211 |[Non-Ferrous Metals Processing - PM CEM Upgrade and Increased Monitoring
Aluminum Frequency of PM Controls
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P4212 [Non-Ferrous Metals Processing - Other PM CEM Upgrade and Increased Monitoring
Frequency of PM Controls
P4213 |Ferrous Metals Processing - Coke PM CEM Upgrade and Increased Monitoring
Frequency of PM Controls
P4214 |Ferrous Metals Processing - Ferroalloy PM CEM Upgrade and Increased Monitoring
Production Frequency of PM Controls
P4215 |Ferrous Metals Processing - Iron & Steel PM CEM Upgrade and Increased Monitoring
Production Frequency of PM Controls
P4216 |Ferrous Metals Processing - Gray Iron PM CEM Upgrade and Increased Monitoring
Foundries Frequency of PM Controls
P4217 |Ferrous Metals Processing - Steel PM CEM Upgrade and Increased Monitoring
Foundries Frequency of PM Controls
P4218 [Mineral Products - Cement Manufacture PM CEM Upgrade and Increased Monitoring
Frequency of PM Controls
P4219 [Mineral Products - Coal Cleaning PM CEM Upgrade and Increased Monitoring
Frequency of PM Controls
P4220 [Mineral Products - Stone Quarrying & PM CEM Upgrade and Increased Monitoring
Processing Frequency of PM Controls
P4221 [Mineral Products - Other PM CEM Upgrade and Increased Monitoring
Frequency of PM Controls
P4222 |Asphalt Manufacture PM CEM Upgrade and Increased Monitoring
Frequency of PM Controls
P4225 |Chemical Manufacture PM CEM Upgrade and Increased Monitoring
Frequency of PM Controls
P4226 |Electric Generation - Coal PM CEM Upgrade and Increased Monitoring
Frequency of PM Controls
P4227 |Commercial Institutional Boilers - LPG PM CEM Upgrade and Increased Monitoring
Frequency of PM Controls
P4228 |Commercial Institutional Boilers - Liquid PM CEM Upgrade and Increased Monitoring
Waste Frequency of PM Controls
P4229 |Commercial Institutional Boilers - Natural PM CEM Upgrade and Increased Monitoring
Gas Frequency of PM Controls
P4230 |[Commercial Institutional Boilers - PM CEM Upgrade and Increased Monitoring
Process Gas Frequency of PM Controls
P4231 |Commercial Institutional Boilers - Solid PM CEM Upgrade and Increased Monitoring
Waste Frequency of PM Controls
P4232 |Electric Generation - Coke PM CEM Upgrade and Increased Monitoring
Frequency of PM Controls
P4233 |Electric Generation - Bagasse PM CEM Upgrade and Increased Monitoring
Frequency of PM Controls
P4234 |Electric Generation - LPG PM CEM Upgrade and Increased Monitoring
Frequency of PM Controls
P4235 |Electric Generation - Liquid Waste PM CEM Upgrade and Increased Monitoring
Frequency of PM Controls
P4236 |Electric Generation - Natural Gas PM CEM Upgrade and Increased Monitoring
Frequency of PM Controls
P4237 |Electric Generation - Oil PM CEM Upgrade and Increased Monitoring
Frequency of PM Controls
P4238 |Electric Generation - Solid Waste PM CEM Upgrade and Increased Monitoring
Frequency of PM Controls
P4239 |Electric Generation - Wood PM CEM Upgrade and Increased Monitoring
Frequency of PM Controls
P4240 |Ferrous Metals Processing - Other PM CEM Upgrade and Increased Monitoring
Frequency of PM Controls
P4241 |Industrial Boilers - Coke PM CEM Upgrade and Increased Monitoring
Frequency of PM Controls
P4242 |Industrial Boilers - LPG PM CEM Upgrade and Increased Monitoring
Frequency of PM Controls
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Table 1I-2 (continued)

Measure Major
Code |Source Category Pollutant |Control Measure
P4243 |Industrial Boilers - Natural Gas PM CEM Upgrade and Increased Monitoring
Frequency of PM Controls
P4244 |Industrial Boilers - Process Gas PM CEM Upgrade and Increased Monitoring
Frequency of PM Controls
P4245 |Industrial Boilers - Solid Waste PM CEM Upgrade and Increased Monitoring
Frequency of PM Controls
PHDRET |Nonroad Diesel Engines PM Heavy Duty Retrofit Program
PPVAC |Paved Road PM Vacuum Sweeping
PUCHS |Unpaved Road PM Chemical Stabilization
PUDESP |Utility Boilers - Coal PM Dry ESP-Wire Plate Type
PUHAP |Unpaved Rd PM Hot Asphalt Paving
PUMECH |Utility Boilers - Coal PM Fabric Filter (Mech. Shaker Type)
PUPUJT |Utility Boilers - Coal PM Fabric Filter (Pulse Jet Type)
PUREVA |Utility Boilers - Coal PM Fabric Filter (Reverse-Air Cleaned Type)
PUTILC |Utility Boilers - Coal PM Fabric Filter
PUTILG |Utility Boilers - Gas/Qil PM Fabric Filter
Pagbu |Agricultural Burning PM Bale Stack/Propane Burning
Pagtl  |Agricultural Tilling PM Soil Conservation Plans
Pcatf  |Beef Cattle Feedlots PM Watering
Pcharb |Conveyorized Charbroilers PM Catalytic Oxidizer
Pcnst  |Construction Activities PM Dust Control Plan
Ppreb  |Prescribed Burning PM Increase Fuel Moisture
Presw |Residential Wood Combustion PM Education and Advisory Program
Pwdstv |Residential Wood Stoves PM NSPS compliant Wood Stoves
S0201 |Sulfuric Acid Plants - Contact Absorber S02 Increase % Conversion ro Meet NSPS (99.7)
(99% Conversion)
S0301 |Sulfuric Acid Plants - Contact Absorber SO2 Increase % Conversion ro Meet NSPS (99.7)
(98% Conversion)
S0401 |Sulfuric Acid Plants - Contact Absorber S02 Increase % Conversion ro Meet NSPS (99.7)
(97% Conversion)
S0501 |Sulfuric Acid Plants - Contact Absorber SO2 Increase % Conversion ro Meet NSPS (99.7)
(93% Conversion)
S0601 |Sulfur Recovery Plants - Elemental Sulfur| SO2 |Amine Scrubbing
(Claus: 2 Stage w/o control (92-95%
removal))
S0602 |Sulfur Recovery Plants - Elemental Sulfur| SO2 |Sulfur Recovery and/or Tail Gas treatment
(Claus: 2 Stage w/o control (92-95%
removal))
S0701 |Sulfur Recovery Plants - Elemental Sulfur| SO2 |Amine Scrubbing
(Claus: 3 Stage w/o control (95-96%
removal))
S0702 |Sulfur Recovery Plants - Elemental Sulfur| SO2 |Sulfur Recovery and/or Tail Gas treatment
(Claus: 3 Stage w/o control (95-96%
removal))
S0801 |Sulfur Recovery Plants - Elemental Sulfur| SO2 |Amine Scrubbing
(Claus: 4 Stage w/o control (96-97%
removal))
S0802 |Sulfur Recovery Plants - Elemental Sulfur| SO2 |Sulfur Recovery and/or Tail Gas treatment
(Claus: 3 Stage w/o control (96-97%
removal))
S0901 |Sulfur Recovery Plants - Sulfur Removal SO2 |Sulfur Recovery and/or Tail Gas treatment
Process (99.9% removal)
S1001 |Sulfur Recovery Plants - Elemental Sulfur| SO2  |Sulfur Recovery and/or Tail Gas treatment
Production (Not Classified)
S1101 |Inorganic Chemical Manufacture S0O2 Flue Gas Desulfurization (FGD)
S1201 |By-Product Coke Manufacturing (Coke S0O2 |Vacuum Carbonate Plus Sulfur Recovery Plant
Oven Plants)
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Table 1I-2 (continued)

Measure Major
Code |Source Category Pollutant |Control Measure
S1301 |Process Heaters (Oil and Gas Production SO2 Flue Gas Desulfurization (FGD)
Industry)
S1401 |Primary Metals Industry S0O2 |Sulfuric Acid Plant
S1501 |Secondary Metal Production S0O2 Flue Gas Desulfurization (FGD)
S1601 |Mineral Products Industry S0O2 Flue Gas Desulfurization (FGD)
S1701 |Pulp and Paper Industry (Sulfate Pulping)| SO2 Flue Gas Desulfurization (FGD)
S1801 |Petroleum Industry S0O2 Flue Gas Desulfurization (FGD)
S1901 |Bituminous/Subbituminous Coal S0O2 Flue Gas Desulfurization (FGD)
(Industrial Boilers)
S2001 |Residual Oil (Industrial Boilers) S0O2 Flue Gas Desulfurization (FGD)
S2101 |Bituminous/Subbituminous Coal S0O2 Flue Gas Desulfurization (FGD)
(Commercial/Institutional Boilers)
S2201 |In-process Fuel Use - S0O2 Flue Gas Desulfurization (FGD)
Bituminous/Subbituminous Coal
S2301 |Lignite (Industrial Boilers) S0O2 Flue Gas Desulfurization (FGD)
S2401 |Residual Oil (Commercial/Institutional S0O2 Flue Gas Desulfurization (FGD)
Boilers)
S2601 |Steam Generating Unit-Coal/Qil S0O2 Flue Gas Desulfurization (FGD)
S2801 |Primary Zinc Smelters - Sintering S0O2 Dual absorption
S2901 |Primary Zinc Smelters - Sintering S0O2 Dual absorption
S3000 |Bituminous/Subbituminous Coal S0O2 In-duct Dry Sorbent Injection
(Industrial Boilers)
S3001 |Bituminous/Subbituminous Coal SO2 |Spray Dryer Absorber
(Industrial Boilers)
S3002 |Bituminous/Subbituminous Coal S0O2 |Wet Flue Gas Desulfurization
(Industrial Boilers)
S3003 |Lignite (Industrial Boilers) S0O2 In-duct Dry Sorbent Injection
S3004 |Lignite (Industrial Boilers) SO2 |Spray Dryer Absorber
S3005 |Lignite (Industrial Boilers) S02 |Wet Flue Gas Desulfurization
S3006 |Residual Oil (Industrial Boilers) S02 |Wet Flue Gas Desulfurization
S3007 |Distillate Qil (Industrial Boiler) SO2 |Wet Flue Gas Desulfurization
S12010 |Off-Highway Gasoline Vehicles NOX |2010 Implementation of Large Spark-Ignition (S-
1) Engine Standards
S12015 |Off-Highway Gasoline Vehicles NOX [2015 Implementation of Large Spark-Ignition (S-
1) Engine Standards
S12020 |Off-Highway Gasoline Vehicles NOX |2020 Implementation of Large Spark-Ignition (S-
1) Engine Standards
S12030 |Off-Highway Gasoline Vehicles NOX [2030 Implementation of Large Spark-Ignition (S-
1) Engine Standards
SM2010 |Off-Highway Vehicles: Snowmobiles VOC |Recreational Gasoline Showmobile Standards
SM2015 |Off-Highway Vehicles: Snowmobiles VOC |Recreational Gasoline Showmobile Standards
SM2020 |Off-Highway Vehicles: Snowmobiles VOC |Recreational Gasoline Showmobile Standards
SM2030 |Off-Highway Vehicles: Snowmobiles VOC |Recreational Gasoline Showmobile Standards
SUT-H |Utility Boilers - High Sulfur Content S02 Flue Gas Desulfurization (Wet Scrubber Type)
SUT-M |Utility Boilers - Medium Sulfur Content S02 Flue Gas Desulfurization (Wet Scrubber Type)
SUT-R | Utility Boilers - Coal-Fired SO2  |Repowering to IGCC
SUT-S |Utility Boilers - Coal-Fired SO2 Fuel Switching - High-Sulfur Coal to Low-Sulfur
Coal
SUT-VH |Utility Boilers - Very High Sulfur Content S0O2 Flue Gas Desulfurization (Wet Scrubber Type)
SUT-W |Utility Boilers - Coal-Fired S0O2 |Coal Washing
T210 |Highway Vehicles - Light Duty and NOX [2010 Implementation of Tier 2 Motor Vehicle
Gasoline-Fueled Vehicles Emissions and Gasoline Sulfur Controls
T215 |Highway Vehicles - Light Duty and NOX |2015 Implementation of Tier 2 Motor Vehicle
Gasoline-Fueled Vehicles Emissions and Gasoline Sulfur Controls
T220 |Highway Vehicles - Light Duty and NOX |2020 Implementation of Tier 2 Motor Vehicle
Gasoline-Fueled Vehicles Emissions and Gasoline Sulfur Controls
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Table 1I-2 (continued)

Measure Major
Code |Source Category Pollutant |Control Measure
T230 |Highway Vehicles - Light Duty and NOX |2030 Implementation of Tier 2 Motor Vehicle
Gasoline-Fueled Vehicles Emissions and Gasoline Sulfur Controls

V22001 |Architectural Coatings VOC |AIM Coating Federal Rule

V22002 |Architectural Coatings VOC |South Coast Phase |

V22003 |Architectural Coatings VOC |South Coast Phase Il

V22004 |Architectural Coatings VOC |South Coast Phase |l

V22101 |Traffic Markings VOC |AIM Coating Federal Rule

V22102 |Traffic Markings VOC |South Coast Phase |

V22103 |Traffic Markings VOC |South Coast Phase Il

V22104 |Traffic Markings VOC |South Coast Phase Il

V22201 |Industrial Maintenance Coating VOC |AIM Coating Federal Rule

V22202 |Industrial Maintenance Coating VOC |South Coast Phase |

V22203 |Industrial Maintenance Coating VOC |South Coast Phase Il

V22204 |Industrial Maintenance Coating VOC |South Coast Phase Il

V22301 |Metal Coil & Can Coating VOC |MACT Standard

V22302 |Metal Coil & Can Coating VOC |BAAQMD Rule 11 Amended

V22303 |Metal Coil & Can Coating VOC |Incineration

V22401 |Wood Product Surface Coating VOC |MACT Standard

V22402 |Wood Product Surface Coating VOC |SCAQMD Rule 1104

V22403 |Wood Product Surface Coating VOC |Incineration

V22501 |Wood Furniture Surface Coating VOC |MACT Standard

V22502 |Wood Furniture Surface Coating VOC |NewCTG

V22503 |Wood Furniture Surface Coating VOC |Add-On Controls

V22601 |Adhesives - Industrial VOC |SCAQMD Rule 1168

V23201 |Open Top Degreasing VOC |Title lll MACT Standard

V23202 |Open Top Degreasing VOC |SCAQMD 1122 (VOC content limit)

V23203 |Open Top Degreasing VOC |Airtight Degreasing System

V24001 |Paper Surface Coating VOC |Incineration

V24401 |Rubber and Plastics Mfg VOC |SCAQMD - Low VOC

V24501 |Metal Furniture, Appliances, Parts VOC MACT Standard

V24502 |Metal Furniture, Appliances, Parts VOC |SCAQMD Limits

V24601 |Automobile Refinishing VOC |Federal Rule

V24602 |Automobile Refinishing VOC |CARB BARCT Limits

V24603 |Automobile Refinishing VOC |California FIP Rule (VOC content & TE)

V24604 |Cold Cleaning VOC |OTC Solvent Cleaning Operations Rule

V24605 |Portable Gasoline Containers VOC |OTC Portable Gas Container Rule

V24606 |Architectural Coatings VOC |OTC AIM Coating Rule

V24607 |Consumer Solvents VOC |OTC Consumer Products Rule

V24608 |Marine Surface Coating VOC |OTC Mobile Equipment Repair and Refinishing
Rule

V24701 |Machn, Electric, Railroad Ctng VOC MACT Standard

V24702 |Machn, Electric, Railroad Ctng VOC |SCAQMD Limits

V24703 |Machn, Electric, Railroad Ctng VOC |OTC Mobile Equipment Repair and Refinishing
Rule

V24901 |Consumer Solvents VOC |Federal Consumer Solvents Rule

V24902 |Consumer Solvents VOC |CARB Mid-Term Limits

V24903 |Consumer Solvents VOC |CARB Long-Term Limits

V25001 |Aircraft Surface Coating VOC |MACT Standard

V25002 |Aircraft Surface Coating VOC |OTC Mobile Equipment Repair and Refinishing
Rule

V25101 |Marine Surface Coating VOC |MACT Standard

V25102 |Marine Surface Coating VOC |Add-On Controls

V25301 |Electrical/Electronic Coating VOC |MACT Standard

V25302 |Electrical/Electronic Coating VOC |SCAQMD Rule

V25401 |Motor Vehicle Coating VOC |MACT Standard

V25402 |Motor Vehicle Coating VOC Incineration
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Table 1I-2 (continued)

Measure Major
Code |Source Category Pollutant |Control Measure
V25403 |Automobile Refinishing VOC |OTC Mobile Equipment Repair and Refinishing
Rule
V26901 |Commercial Adhesives VOC |Federal Consumer Solvents Rule
V26902 |Commercial Adhesives VOC |CARB Mid-Term Limits
V26903 |Commercial Adhesives VOC |CARB Long-Term Limits
V26904 |Consumer Adhesives VOC |OTC Consumer Products Rule
V27102 |Bakery Products VOC |Incineration >100,000 Ibs bread
V27201 |Cutback Asphalt VOC |Switch to Emulsified Asphalts
V27901 |Qil and Natural Gas Production VOC |Equipment and Maintenance
V28402 |Municipal Solid Waste Landfill VOC |Gas Collection (SCAQMD/BAAQMD)
V29502 |Pesticide Application VOC |Reformulation - FIP Rule
V30101 |Stage |l Service Stations VOC |Low Pressure/Vacuum Relief Valve
V30201 |Stage Il Service Stations - Underground VOC |Low Pressure/Vacuum Relief Valve
Tanks
V30301 |Graphic Arts VOC |Use of Low or No VOC Materials
V40201 |Flexographic Printing VOC |Permanent Total Enclosure (PTE)
V40202 |Fabric Printing, Coating and Dyeing VOC |Permanent Total Enclosure (PTE)
V40203 |Metal Can Surface Coating VOC |Permanent Total Enclosure (PTE)
V40204 |Metal Furniture Surface Coating VOC  |Permanent Total Enclosure (PTE)
V40205 |Paper and Other Web Coating VOC |Permanent Total Enclosure (PTE)
V40206 |Product and Package Roto and Screen VOC |Permanent Total Enclosure (PTE)
Prin
V40207 |Publication Rotogravure Printing VOC |Permanent Total Enclosure (PTE)
VNRFG |[Nonroad Gasoline Engines VOC |Federal Reformulated Gasoline
mOT1 |Highway Veh - LD Gas Trucks VOC |Tier 2 Standards for 1996
mOT2 |Highway Vehicles - Gasoline VOC |Federal Reformulated Gasoline (RFG)
mOT3 |Highway Vehicles - Gasoline NOX |High Enhanced Inspection and Maintenance
Program
mOT4 |Highway Veh - LD Gasoline VOC |Fleet ILEV
mOT5 |Highway Veh - HD Diesels PM HDDV Retrofit Program
mOT6 |Highway Vehicles - Gasoline NOX [|Transportation Control Package for 1996
mOT7 |Highway Vehicles - Gasoline NOX [RFG and High Enhanced I/M Program
mOT8 |Highway Vehicles - Gasoline VOC |Low Reid Vapor Pressure (RVP) Limitin Ozone
Season
mOT9 |Highway Vehicles - Gasoline VOC Basic Inspection and Maintenance Program
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CHAPTER III. CONTROL DOCUMENTATION

Each control measure in AirControlNET is documented in this section. Control measures are
introduced with a standard table that provides an at-a-glance summary of the key control measure
data elements. Each summary table is followed by detailed sections that provide additional
information concerning the control measure. References also are provided to the documents that
were used to develop the analysis on each of the control measures.

This section is organized by primary pollutant (e.g., Ammonia, Nitrogen Oxides, Particulate

Matter, etc.) and source category. The following pages provide a pollutant introduction, a list of
source categories contained within each pollutant section.
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POLLUTANT INTRODUCTION

AMMONIA (NH,)

Source Category Page
Cattle Feedlots . ... ... mI-11
Hog Operations .. ...... ..o e e e e e 1I-12
Poultry Operations . .. ...... ... 1I-13
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NITROGEN OXIDES (NO,)

Source Category Page
Agricultural Burning . ......... ... I-15
Ammonia - Natural Gas - Fired Reformers - Small Sources ......................... I-17
Ammonia Products; Feedstock Desulfurization - Small Sources ..................... III-28
Asphaltic Conc; Rotary Dryer; Conv Plant - Small Sources ......................... 11-30
By-Product Coke Manufacturing; Oven Underfiring ... ............................ 11-32
Cement Kilns ... ... 11-34
Cement Manufacturing - Dry . ... ... . e 11-35
Cement Manufacturing - Wet ... ... ... . e 111-46
Cement Manufacturing - Wet - Large Sources ............. ... i, 1I1-50
Cement Manufacturing - Wet - Small Sources ............ ... ... ... ... ... .. ..... 11-53
Ceramic Clay Manufacturing; Drying - Small Sources ............................. 11-56
Coal Cleaning-Thrml Dryer; Fluidized Bed - Small Sources ........................ 11-58
Coal-fired Plants with Production Capacities>100MW . ........................... 11-60
Combustion Turbines - Jet Fuel - Small Sources . .......... ... ... ... ... ... .. ... 11-62
Combustion Turbines - Natural Gas - Large Sources ....................ccoiin... 11-67
Combustion Turbines - Natural Gas - Small Sources .............. ... ... ... .. ... 11-69
Combustion Turbines - Oil - Small Sources . .......... ... ... . . ... 111-84
Commercial/Institutional - Natural Gas .. ......... ... .. i 11-89
Commercial/Institutional Incinerators . ... ........ ... ... i 11-93
Conv Coating of Prod; Acid Cleaning Bath - Small Sources ........................ 11-96
Diesel LoCOmOtIVES . . ..ottt 11-98
Fiberglass Manufacture; Textile-Type; Recuperative Furnaces ...................... 11-99
Fluid Catalytic Cracking Units - Small Sources ............ ... ... ... ... ... ...... 1I-101
Fuel Fired Equipment - Process Heaters ............... ... ... ... .. i ... 11-103
Fuel Fired Equipment; Furnaces; Natural Gas . . ............ ... ... ... ... ... ...... 11-105
Glass Manufacturing - Containers ... ............tuniirteene e 11-107
Glass Manufacturing - Flat . ... ... . . . . . . 11-120
Glass Manufacturing - Flat - Large Sources ............ ... ... i, 11-126
Glass Manufacturing - Flat - Small Sources ........... ... ... .. ... ... .. ... ...... I-131
Glass Manufacturing - Pressed . ....... ... . . 1-137
Highway Vehicles - Gasoline Engine ........... ... ... ... .. ... .. . it .. I-151
Highway Vehicles - Heavy Duty and Diesel-Fueled Vehicles....................... 11-152
Highway Vehicles - Heavy Duty Diesel Engines ... .............................. 11-160
Highway Vehicles - Light Duty and Gasoline-Fueled Vehicles ..................... 11-162
Highway Vehicles - Light Duty Gasoline Engines . .............................. 11-170
ICENGINes - Gas . ...ttt e I-171
IC Engines - Gas - Small Sources ............... i, 11-173
IC Engines - Gas, Diesel, LPG - Small Sources ............... ... ... ... ........ III-175
ICI Boilers - Coal/Cyclone - Large Sources . . .. ...t 11-180
ICI Boilers - Coal/Cyclone - Small Sources ............ ... .. .. 11-182
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NITROGEN OXIDES (NO,) (continued)

Source Category Page
ICI Boilers - Coal/FBC - Large Sources . .............iuutiniininnennennennnnn. 11-191
ICI Boilers - Coal/FBC - Small Sources . ........ ... . ... 111-194
ICI Boilers - Coal/Stoker- Small Sources ............ ... ... .. .. .. . ... 111-196
ICI Boilers - Coal/Wall - Large Sources . .............couutiiininnennennennnnn. 11-202
ICI Boilers - Coal/Wall - Small Sources . ........ ... ... ... .. . ... 11-210
ICI Boilers - Coke - Small Sources ............. ... .. 11-218
ICI Boilers - Distillate Oil - Large Sources ..............ciiiiiiiienn .. 11-226
ICI Boilers - Distillate Oil - Small Sources ............. .. ... ... ... 11-229
ICI Boilers - Liquid Waste . ... ...t et e e 11-239
ICI Boilers - Liquid Waste - Small Sources . ......... ... ... ... 111-242
ICIBoilers - LPG -Small Sources . . ......... ... i 111-249
ICI Boilers - MSW/Stoker - Small Sources . ............ ... .. . ... 11-259
ICI Boilers - Natural Gas - Large Sources . ............couutiiintinnnnnnennnn.. 11-261
ICI Boilers - Natural Gas - Small Sources . ............ ... ... .. .. . ... 111-264
ICI Boilers - Process Gas - Small Sources . ............. .. ... 11-276
ICI Boilers - Residual Oil - Large Sources ..............ciiiiiiiiinenn... 11-285
ICI Boilers - Residual Oil - Small Sources ............ ... ... .. .. . . ... 111-288
ICI Boilers - Wood/Bark/Stoker- Large Sources ................ ..., 111-298
ICI Boilers - Wood/Bark/Stoker - Small Sources .................. ... .......... 11-301
Industrial Coal Combustion .. ............ ... . e 111-304
Industrial InCInerators . . .......... ... 111-306
Industrial Natural Gas Combustion . ................ ... . ... 11-309
Industrial Oil Combustion ... .......... .. ... e 11-311
In-Proc; Process Gas; Coke Oven/Blast Ovens .............. .. ... II1-313
In-Process Fuel Use - Bituminous Coal - Small Sources ... ........................ 11-315
In-Process Fuel Use; Natural Gas - Small Sources ............ .. ... .. .. ........ 11-317
In-Process Fuel Use; Residual Oil - Small Sources . .......... ... ... ... 1I1-319
In-Process; Bituminous Coal; Cement Kilns . .......... ... ... . ... .. ... II1-321
In-Process; Bituminous Coal; Lime Kilns . ......... ... ... .. . . . .. II1-323
In-Process; Process Gas; Coke Oven Gas ...t 1I1-325
Internal Combustion Engines - Gas . ............ .. .. 11-327
Internal Combustion Engines - Gas - Large Sources .. ............................ 11-329
Internal Combustion Engines - Gas - Small Sources .............................. 11-335
Internal Combustion Engines - Oil - Small Sources .............................. 11-341
Iron & Steel Mills - Annealing ............. . ... . 111-345
Iron & Steel Mills - Annealing - Small Sources ............ ... ... ... ... ... ...... 11-355
Iron & Steel Mills - Galvanizing . .............. .. 11-361
Iron & Steel Mills-Reheating . . ........ ... .. . . 11-365
Iron Production; Blast Furnaces; Blast Heating Stoves . ........................... I1-371
Lime Kilns .. ... 11-373
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NITROGEN OXIDES (NO,) (continued)

Source Category Page
Medical Waste INCINETators . . ... ... ...ttt e 11-385
Municipal Waste CombuStors . .. ...... ..ottt e 11-387
Natural Gas Production; Compressors - Small Sources ........................... 111-389
Nitric Acid Manufacturing - Small Sources ............. ... ... . ..., 11-391
Off-Highway Diesel Vehicles .......... ... .. . . i 111-398
Off-Highway Gasoline Vehicles .......... ... ... ... . .. 111-406
Open Burning . . ... 11-414
Plastics Prod-Specific; (ABS) -Small Sources ............. ... ... . ... ... ... .. ... 11-416
Process Heaters - Distillate Oil - Small Sources ......... .. ... ... ... ... ... .... 11-418
Process Heaters - LPG - Small Sources . ....... ... ... . i, 111-436
Process Heaters - Natural Gas - Small Sources .......... .. ... ... ... ... . ... [11-454
Process Heaters - Other Fuel - Small Sources ........... ... .. ... ... ... ... .... 11-472
Process Heaters - Process Gas - Small Sources .......... . ... ... ... ... . ... 111-490
Process Heaters - Residual Oil - Small Sources ........... ... ... ... ... ... .... 1I-508
Residential Natural Gas .. ...... ... . e 1I-526
Rich-Burn Stationary Reciprocating Internal Combustion Engines .................. 11-530
Sand/Gravel; Dryer - Small Sources .......... ... ... . i 11-536
Secondary Aluminum Production; Smelting Furnaces ............................ 11-538
Solid Waste Disposal; Government; Other ........... ... ... ... ... ... ... 1I1-540
Space Heaters - Distillate Oil - Small Sources .............. ... .. .. ... ... ....... 111-542
Space Heaters - Natural Gas - Small Sources ............ ... ... ... ... ... ..., 11-550
Starch Manufacturing; Combined Operation - Small Sources .. ..................... 11-560
Steel Foundries; Heat Treating . ............ ... ... 11-562
Steel Production; Soaking Pits . .. ... ... . . . 11-564
Sulfate Pulping - Recovery Furnaces - Small Sources . ............................ 11-566
Surface Coat Oper; Coating Oven Htr; Nat Gas - Small Sources .................... 11-576
Utility Boiler - Coal/Tangential ... ....... ... ... .. . . ... 11-578
Utility Boiler - Coal/Wall . ... ... . . . e 11-597
Utility Boiler - Cyclone .. ... e e 11-612
Utility Boiler - Oil-Gas/Tangential ............. ... .. ... .. ... 11-619
Utility Boiler - Oil-Gas/Wall .. ... ... . e 11-625
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PARTICULATE MATTER (PM)

Source Category Page
Agricultural Burning . ........ ... 11-631
Agricultural Tilling . . ... . 11-633
Asphalt Manufacture . ... ...... ... .. i e 11-635
Beef Cattle Feedlots .. ... ... . 11-655
Chemical Manufacture .. ... ... i e e 11-656
Commercial Institutional Boilers-Coal .............. ... ... .. ... .. ... ... ..... 11-669
Commercial Institutional Boilers - Liquid Waste ................................ 111-683
Commercial Institutional Boilers -LPG ........ ... ... ... ... .. ... ... .. ... ...... 11-687
Commercial Institutional Boilers - Natural Gas ................................. 11-691
Commercial Institutional Boilers - Oil . ......... ... ... ... .. ... ... .. . 11-695
Commercial Institutional Boilers - Process Gas ............... ... ... ... ... ... 11-702
Commercial Institutional Boilers - Solid Waste ................................. 11-706
Commercial Institutional Boilers - Wood . .......... ... ... ... .. ... ... ... .... MI-710
Commercial Institutional Boilers - Wood/Bark .................................. 11-714
Construction ACHVITIES . . ..ottt e e e e e 11-724
Conveyorized Charbroilers . ............. .. . . . . i 11-726
Electric Generation - COKe . . . ... ... it e e 1-727
Electric Generation - Bagasse . .............. i e 11-731
Electric Generation - Coal ... ... ... ... i e 11-735
Electric Generation - Liquid Waste . ........ ... ... 11-739
Electric Generation - LPG . ... ... . . . 11-743
Electric Generation - Natural Gas . ............. .ttt 11-747
Electric Generation - Oil . ... .. .. . . . e 1I-751
Electric Generation - Solid Waste . ......... ... . . . 11-755
Electric Generation - Wood . . ... ... . 11-759
Fabricated Metal Products - Abrasive Blasting . ................................. 11-763
Fabricated Metal Products - Welding ........... ... .. ... . . ... 11-766
Ferrous Metals Processing - Coke . ......... ... i, 11-769
Ferrous Metals Processing - Ferroalloy Production . .............................. 111-784
Ferrous Metals Processing - Gray Iron Foundries ................................ 11-799
Ferrous Metals Processing - Iron and Steel Production . ........................... 111-822
Ferrous Metals Processing - Other .. ......... ... .. . .. 1I-851
Ferrous Metals Processing - Steel Foundries ............ ... ... .. ... ... ... ...... 11-855
Grain Milling ... ... 11-880
Highway Vehicles - Gasoline Engine ........... ... ... ... ... .. .. it .. 111-892
Highway Vehicles - Heavy Duty Diesel Engines ... .............................. 111-894
Industrial Boilers - Coal .. ... ... .. . 111-899
Industrial Boilers - Coke . ....... ... . 11-919
Industrial Boilers - Liquid Waste . .. ... . e 111-923
Industrial Boilers - LPG . .. ... . . e 11-930
Industrial Boilers - Natural Gas . ............. e 111-934
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PARTICULATE MATTER (PM) (continued)

Source Category Page
Industrial Boilers - Ol .. .. ... 11-938
Industrial Boilers - Process Gas .. ....... ... [11-948
Industrial Boilers - Solid Waste .. ... 11-952
Industrial Boilers - Wood . . ... ... [1-956
Mineral Products - Cement Manufacture . ......... . ... . ... ... . . .. 11-975
Mineral Products - Coal Cleaning . ............... . it 111-999
Mineral Products - Other ... ... ... .. .. . 1I-1023
Mineral Products - Stone Quarrying and Processing ............................. 11-1076
Municipal Waste Incineration ............... ...ttt MI-1108
Non-Ferrous Metals Processing - Aluminum .............. ... ... ... ouu... m-1111
Non-Ferrous Metals Processing - Copper . .............iuiitiitniennnn. I-1128
Non-Ferrous Metals Processing-Lead .............. ... ... ... ... ... ... .. ..... 11-1147
Non-Ferrous Metals Processing-Other . ............ ... ... ... ... ... ..., MI-1165
Non-Ferrous Metals Processing - Zinc ................iiititeiennennennnn. M1-1184
Nonroad Diesel Engines . .. ... .. i e 11-1201
Paved Roads . .. ... o 11-1203
Prescribed Burning . . . ... ... . e 11-1205
Residential Wood Combustion ......... ... ... .. .. i 1I-1207
Residential Wood Stoves . . ... ... 1I-1208
Unpaved Roads . ....... . 11-1209
Utility Boilers - Coal .. ... ... . I-1212
Utility Boilers - Gas/Oil . . ... ... 11-1227
Wood Pulp & Paper . ... 11-1229
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PECHAN September 2005

SULFUR DIOXIDE (S0,)

Source Category Page
Bituminous/Subbituminous Coal ........ ... . ... .. . 1I-1236
Bituminous/Subbituminous Coal (Industrial Boilers) ............................ 11-1242
By-Product Coke Manufacturing . .............. .., 111-1248
Distillate Oil (Industrial Boiler) . ....... ... .. . . 11-1250
Inorganic Chemical Manufacture .. .......... ... ... .. i, 11-1252
In-process Fuel Use - Bituminous Coal ............. ... ... ... .. .. ... ... ..., 11-1254
Lignite (Industrial Boilers) . . ......... .. . 11-1256
Mineral Products Industry . .......... . . . . . . 11-1264
Petroleum Industry . .. ... .. e 1-1267
Primary Lead Smelters - Sintering . . .......... o e 11-1270
Primary Metals Industry . . ... ... 1-1272
Primary Zinc Smelters - Sintering . ............ .. 11-1274
Process Heaters (Oil and Gas Production) .. ......... ... ... ... ... ... 11-1276
Pulp and Paper Industry (Sulfate Pulping) .. ......... ... .. .. ... ... ... .. ... ... 1-1278
Residual Oil (Commercial/Institutional Boilers) ................................ 11-1280
Residual Oil (Industrial Boilers) ............ ... . . .. 11-1284
Secondary Metal Production ......... ... ... . . . . . . 11-1286
Steam Generating Unit-Coal/Oil . ...... ... ... .. .. . . . . . .. 11-1288
Sulfur Recovery Plants - Elemental Sulfur .................. ... ... ... ......... 11-1290
Sulfur Recovery Plants - Sulfur Removal ......... ... ... ... ... ... ............ 11-1304
Sulfuric Acid Plants - Contact Absorbers ........... .. ... .. . i [I-1306
Utility Boilers - Coal-Fired .......... ... . . . . . . i 11-1328
Utility Boilers - High Sulfur Content . .. ......... ... ... ... .. ... ... ... 11-1335
Utility Boilers - Medium Sulfur Content ........... ... . ... ... ..., M1-1338
Utility Boilers - Very High Sulfur Content ............. ... ... ... ... ... ........ 11-1341
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PECHAN September 2005

VOLATILE ORGANIC COMPOUNDS (VOC)

Source Category Page
Adhesives - Industrial .. ... .. [I-1344
Aircraft Surface Coating . ... ... ... e 11-1346
Architectural Coatings . ... ...ttt 11-1347
ARE A L 1I-1356
Automobile Refinishing . .. ... ... . . 11-1364
Bakery Products . . ... ... 11-1370
Commercial Adhesives . .. ... ... 1I-1372
Consumer SOLVENtS . ... ... I-1377
Cutback Asphalt . . ... 11-1382
Electrical/Electronic Coating . .. ....... ...ttt it 11-1383
Fabric Printing, Coatingand Dyeing .. .......... ... ... . i, 11-1386
Flexographic Printing . . ... .. ... e 11-1389
Graphic ATtS . ..o 11-1391
Highway Vehicles - Gasoline Engine . .......... ... ... ... ... ... .. .. ... ... 11-1392
Industrial Maintenance Coating . ... ...ttt 11-1394
Machinery, Equipment, and Railroad Coating . . ............ ... ... ... ... ... ..... 11-1402
Marine Surface Coating (Shipbuilding) . ......... ... ... ... .. .. . . 111-1404
Metal Can Surface Coating Operations ... ...........outurtinreneenennennennnns 111-1406
Metal Coil & Can Coating . .. .....oit ittt e e et es 11-1408
Metal Furniture Surface Coating Operations .. ..............turturennennenn... 1I-1411
Metal Furniture, Appliances, Parts . ......... ... .. ... .. . . 111-1413
Miscellaneous Metal Products Coatings ................. it 11-1416
Motor Vehicle Coating .. ...... ...t e 11-1417
Municipal Solid Waste Landfill . ......... ... ... .. ... .. . . 111-1420
Nonroad Gasoline Engines . . ........ ... .. e 11-1421
Off-Highway Vehicles: All Terrain Vehicles (ATVS) .......... ... ... 111-1424
Off-Highway Vehicles: Motorcycles . .......... .. .. . ... 11-1428
Off-Highway Vehicles: Snowmobiles .......... ... ... ... ... ... . ... ... 111-1436
Open Top Degreasing .. ......t ittt e e et 111-1444
Paper and other Web Coating Operations . .................uiiriirennennenn.n. 11-1450
Paper Surface Coating . ......... .. . i e 111-1452
Pesticide Application . ... ... ... e 111-1453
Portable Gasoline Containers . . .. ...ttt e [I-1455
Product and Packaging Rotogravure and Screen Printing . ........................ 11-1456
Publication Rotogravure Printing . .......... ... ... ... . . . . 11-1458
Rubber and Plastics Manufacturing . ......... ... ... ... . . . i 111-1460
Stage II Service Stations .. ... ..ottt e e 11-1462
Stage II Service Stations - Underground Tanks . ................................ 111-1464

Document No. 05.09.009/9010.463 11-9 Report



PECHAN September 2005

VOLATILE ORGANIC COMPOUNDS (VOC) (continued)

Source Category Page
Traffic Markings .. ... .. i e 111-1466
Wood Furniture Surface Coating .. ......... ... i 11-1474
Wood Product Surface Coating . ........ ... .. i 11-1479
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AT-A-GLANCE TABLE FOR AREA SOURCES

Source Category: Cattle Feedlots

Control Measure Name: Chemical Additives to Waste
Rule Name: Not Applicable

Pechan Measure Code: A00101 POD: 01

Application: This control is the adding of chemicals to cattle waste to reduce ammonia emissions
from cattle feedlots.

The control applies to all cattle and calve operations classified under SCC 280503000.

Affected SCC:
2805020000 Cattle and Calves Composite, Total

PM10 | PM2.5 EC ocC NOXx voC S02 NH3 co Hg

Pollutant(s)

V= po.IIutant reduction; X = pollutant increase, * = major pollutant
Control Efficiency: 50% from uncontrolled
Equipment Life: Not Applicable
Rule Effectiveness: 100%
Penetration: 100%

Cost Basis: Pechan contacted the manufacturer of the chemical inhibitor, N-(n-butyl)
thiophosphoric triamide (NBPT; trade name Conserve-Nr). According to the
manufacturer, the control effectiveness at cattle feedlots is 50 percent and the cost
per head-day is $0.0062 ($2.26/head-yr; Axe, 1999). The manufacturer also reports
that field tests are ongoing at dairies and that the product should perform the same
(50 percent control), but cost slightly more $0.0094/head-day ($3.43/head-yr; Axe,
1999). It was not clear why the costs would be higher at dairies.

To estimate costs, an average per head cost between dairy cattle and feedlot cattle
would be $2.85/head-yr (from the above estimates). The emission factor for cattle is
about 23 kg/head-yr (0.025 ton/head-yr). A 50 percent control efficiency yields
0.0125 ton/head-yr reduced). Hence, the cost factor would be $2.85/0.0125 ton or
$228/ton of NH3 reduced.

Cost Effectiveness: The cost effectiveness is $228 per ton HN3 reduced. (1999%)

Comments:

Status: Demonstrated Last Reviewed: 2000

Additional Information:

References:

Axe, 1999: D. Axe, IMC Agrico Feed Ingredients, personal communication with S. Roe, E.H.
Pechan & Associates, Inc., June 1999.
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AT-A-GLANCE TABLE FOR AREA SOURCES

Source Category: Hog Operations

Control Measure Name: Chemical Additives to Waste
Rule Name: Not Applicable

Pechan Measure Code: AQ00301 POD: 03

Application: This control is the adding of chemicals to hog waste to reduce ammonia emissions
from hog feedlots. Assessment of control measures applicable to ammonia emissions
for hog operations is based on procedures used for cattle operations.

The control applies to all hog and pig operations classified under SCC 2805025000.

Affected SCC:
2805025000 Hogs and Pigs Composite, Total

PM10 | PM2.5 EC ocC NOx VOC S02 NH3 co Hg

Pollutant(s)
\/*

\ = pollutant reduction; X = pollutant increase, * = major pollutant
Control Efficiency: 50% from uncontrolled
Equipment Life: Not Applicable
Rule Effectiveness: 100%
Penetration: 100%

Cost Basis: Pechan contacted the manufacturer of the chemical inhibitor, N-(n-butyl)
thiophosphoric triamide (NBPT; trade name Conserve-Nr). According to the
manufacturer, the control effectiveness at cattle feedlots is 50 percent and the cost
per head-day is $0.0062 ($2.26/head-yr; Axe, 1999).

According to the manufacturer, the same 50 percent control efficiency derived for
cattle can be assumed for hogs (Axe, 1999). The emission factor for hogs is 20.3
Ib/head-yr. With the 50 percent control efficiency, this equates to 10.15 Ib/head-yr
reduced (5.08 x 10-3 ton/head-yr reduced). Therefore, the cost parameter would be
$0.37/5.08E-3 ton or $73/ton NH3 reduced.

Cost Effectiveness: The cost effectiveness used in AirControINET is $73 per ton NH3 reduced.
(19999%)

Comments:

Status: Demonstrated Last Reviewed: 1999

Additional Information:

There is assumed to be 100 percent penetration; however, the modeling parameters are probably
most applicable to large hog farming operations. Hence, it may be more reasonable to apply the
control in counties with large hog raising operations (i.e., using COA data).

References:

Axe, 1999: D. Axe, IMC Agrico Feed Ingredients, personal communication with S. Roe, E.H.
Pechan & Associates, Inc., June 1999.
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AT-A-GLANCE TABLE FOR AREA SOURCES

Source Category: Poultry Operations

Control Measure Name: Chemical Additives to Waste
Rule Name: Not Applicable

Pechan Measure Code: A00201 POD: 02

Application: This control is the chemical addition of alum to poultry litter. Alum is used to stabilize
poultry litter to reduce ammonia emissions. Alum, an acid-forming compounds, keeps
the pH of the poultry litter below 7, which inhibits ammonia volatilization.

The control applies to all poultry and chicken operations classified under SCC
280503000.

Affected SCC:
2805030000 Poultry and Chickens Composite, Total

PM10 | PM2.5 EC ocC NOXx voC S02 NH3 co Hg

Pollutant(s)

\/*

V= po.llutant reduction; X = pollutant increase, * = major pollutant
Control Efficiency: 75% from uncontrolled
Equipment Life: Not Applicable
Rule Effectiveness: 100%
Penetration: 100%

Cost Basis:  Treatment costs are estimated to be about $0.025/head (Moore, 1999). These costs
do not factor in some benefits to the grower (e.g., reduced heating/ventilation costs
due to lower ammonia levels; higher value for fertilizer due to higher nitrogen levels).
Assuming six grow-outs per year, the costs would be $0.15/head-yr. The emission
factor used for all poultry is 0.394 Ib/head-yr (1.97 x 10-4 ton/head-yr). Assuming a
75 percent control efficiency for alum treatment, the emission reduction would be 1.48
x 10-4 ton/head-yr reduced. Hence, the cost parameter would be $0.15/1.48E-04 ton
reduced or $1,014/ton NH3 reduced.

Cost Effectiveness: The cost effectiveness used in AirControINET is $1,014 per ton NH3 reduced.
(19999%)

Comments:

Status: Demonstrated Last Reviewed: 1999

Additional Information:

The control effectiveness for alum treatment is estimated to be 75 percent (Moore, 1999). The
control effectiveness is highest during the early part of the growing cycle (i.e., >95 percent), when
the young chickens are most susceptible to health problems from high ammonia levels. The control
effectiveness drops off during the grow-out (about two months). Alum is then reapplied to the litter
before the next grow-out begins (typically, there are 5 or 6 grow-outs per year). There is assumed to
be 100 percent penetration.
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AT-A-GLANCE TABLE FOR AREA SOURCES

References:

Axe, 1999: D. Axe, IMC Agrico Feed Ingredients, personal communication with S. Roe, E.H.
Pechan & Associates, Inc., June 1999

Moore, 1999: P.A. Moore, Jr., University of Arkansas, personal communication with S. Roe, E.H.
Pechan & Associates, Inc., June 1999
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AT-A-GLANCE TABLE FOR AREA SOURCES

Source Category: Agricultural Burning

Control Measure Name: Seasonal Ban (Ozone Season Daily)
Rule Name: Not Applicable

Pechan Measure Code: N13201 POD: 132

Application: An ozone season ban of burning is a ban of burning on an ozone season day where
ozone exceedances are predicted. Ozone season daily ban of agricultural burning to
reduce NOx emissions during the ban.

This control is applicable to field burning where the entire field would be set on fire,
and can be applied to all crop types. These sources are classified under 2801500000.

Affected SCC:
2801500000 Agricultural Burning

PM10 | PM2.5 EC ocC NOx voC S02 NH3 co Hg

Pollutant(s) "

V= po.llutant reduction; X = pollutant increase, * = major pollutant

Control Efficiency: Daily control efficiency is 100% from uncontrolled; Annual control efficiency is
0% from uncontrolled

Equipment Life: Not Applicable
Rule Effectiveness: 80%

Penetration: 100%

Cost Basis:  Since burning can simply be shifted to other acceptable periods, emission control
costs are assumed to be zero for regulations that schedule the burning days where
ozone exceedances are not predicted (Pechan, 1997).

Cost Effectiveness: The cost effectiveness used in AirControINET is $0 per ton NOx reduced
(19909%).

Note: Since this is a daily control, no annual emission reductions are expected.

Comments:

Status: Demonstrated Last Reviewed: 1997

Additional Information:

Costs may be incurred if personnel scheduled to participate in the agricultural burning cannot be
used elsewhere or if fire personnel or other professionals have been scheduled to participate.

Assuming full compliance with the regulation, ozone season daily emission reductions from such a
regulation would be 100 percent. However, annual emission reductions would not be expected,
because there would likely be a shift in the timing of the emissions, not a reduction in the total
amount of annual NOx emitted. A compliance rate of 80 percent is used in estimating daily
reductions (Pechan, 1997).
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AT-A-GLANCE TABLE FOR AREA SOURCES

References:

Pechan, 1997: E.H. Pechan & Associates, "Additional Control Measure Evaluation for the Integrated
Implementation of the Ozone and Particulate Matter National Ambient Air Quality Standards, and
Regional Haze Program," prepared for U.S. Environmental Protection Agency, July 1997.
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AT-A-GLANCE TABLE FOR POINT SOURCES

Source Category: Ammonia - Natural Gas - Fired Reformers - Small Sources

Control Measure Name: Low NOx Burner
Rule Name: Not Applicable

Pechan Measure Code: NO0561S, N05601 POD: 56

Application: This control is the use of low NOx burner (LNB) technology to reduce NOx emissions.
LNBs reduce the amount of NOx created from reaction between fuel nitrogen and
oxygen by lowering the temperature of one combustion zone and reducing the amount
of oxygen available in another.

This control is applicable to small (<1 ton NOx per OSD) ammonia production
operations with natural gas-fired reformers (SCC 30100306) and uncontrolled NOx
emissions greater than 10 tons per year.

Affected SCC:
30100306 Ammonia Production, Primary Reformer: Natural Gas Fired

PM10 | PM2.5 EC oC NOx VOC S02 NH3 Cco Hg

Pollutant(s)
\/*

\ = pollutant reduction; X = pollutant increase, * = major pollutant
Control Efficiency: 50% from uncontrolled
Equipment Life: 10 years
Rule Effectiveness: 100%
Penetration: 100%

Cost Basis:  Sources are distinguished by NOx emission levels (Pechan, 1998).
Small source = emissions level less than 1 ton per ozone season day

Costs for stationary source NOx control are based on an analysis of EPA's NOx State
Implementation Plan (SIP) Call (Pechan, 1998). From this analysis, default cost per
ton values are assigned along with a capital to annual costs ratio of 5.5. A discount
rate of 7 percent and a capacity factor of 65 percent are assumed, along with an
equipment life of 10 years (EPA, 1994).

In general, the incremental default cost is used for sources where there are existing
controls (RACT baseline), with efficiencies less than or equal to 70% (Pechan, 2001).

Cost Effectiveness: The cost effectiveness used in AirControINET is $820 per ton NOx reduced
from both uncontrolled and RACT (19908%).

Comments:

Status: Demonstrated Last Reviewed: 1998
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AT-A-GLANCE TABLE FOR POINT SOURCES

Additional Information:

LNBs are designed to "stage" combustion so that two combustion zones are created, one fuel-rich
combustion and one at a lower temperature. Staging techniques are usually used by LNB to supply
excess air to cool the combustion process or to reduce available oxygen in the flame zone. Staged-
air LNBs create a fuel-rich reducing primary combustion zone and a fuel-lean secondary combustion
zone. Staged-fuel LNBs create a lean combustion zone that is relatively cool due to the presence of
excess air, which acts as a heat sink to lower combustion temperatures (EPA, 2002).

References:

EPA, 1994: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions from
Industrial/Commercial/Institutional (ICI) Boilers," EPA,-453/R-94-022, Research Triangle Park, NC,
June 1994.

EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and Standards,
"EPA Air Pollution Control Cost Manual," 6th ed., EPA/452/B-02-001, Research Triangle Park, NC,
January 2002.

Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of Air
Quality Planning and Standards, Innovative Strategies and Economics Group, Research Triangle
Park, September 1998.

Pechan, 2001: E.H. Pechan & Associates, Inc., "Revisions to AirControINET, and Particulate Matter

Control Strategies and Cost Analysis," Revised Report, prepared for U.S. Environmental Protection
Agency, Innovative Strategies and Economics Group, Research Triangle Park, September 2001.
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AT-A-GLANCE TABLE FOR POINT SOURCES

Source Category: Ammonia - Natural Gas - Fired Reformers - Small Sources

Control Measure Name: Low NOx Burner (LNB) + Flue Gas Recirculation (FGR)
Rule Name: Not Applicable

Pechan Measure Code: N0562S, N05602 POD: 56

Application: This control is the use of low NOx burner (LNB) technology and flue gas recirculation
(FGR) to reduce NOx emissions. LNBs reduce the amount of NOx created from
reaction between fuel nitrogen and oxygen by lowering the temperature of one
combustion zone and reducing the amount of oxygen available in another.

This control is applicable to small (<1 ton NOx per OSD) ammonia production
operations with natural gas-fired reformers (SCC 30100306) and uncontrolled NOx
emissions greater than 10 tons per year.

Affected SCC:
30100306 Ammonia Production, Primary Reformer: Natural Gas Fired

PM10 | PM2.5 EC oC NOx VOC S02 NH3 Cco Hg

Pollutant(s)
\/*

\ = pollutant reduction; X = pollutant increase, * = major pollutant
Control Efficiency: 60% from uncontrolled
Equipment Life: 10 years
Rule Effectiveness: 100%
Penetration: 100%

Cost Basis:  Sources are distinguished by NOx emission levels (Pechan, 1998).
Small source = emissions level less than 1 ton per ozone season day

Costs for stationary source NOx control are based on an analysis of EPA's NOx State
Implementation Plan (SIP) Call (Pechan, 1998). The basis of the costs are model
plant data for mechanical draft heaters firing natural gas and oil contained in the
Alternative Control Techniques (ACT) document (EPA, 1993). From this analysis,
default cost per ton values are assigned along with a capital to annual costs ratio of
5.9. An equipment life of 10 years is assumed (EPA, 1993).

In general, the incremental default cost is used for sources where there are existing
controls (RACT baseline), with efficiencies less than or equal to 70% (Pechan, 2001).

Cost Effectiveness: The default cost effectiveness values are $2,560 per ton NOx reduced from
uncontrolled and $2,470 per ton NOx reduced from RACT (19909).

Comments:

Status: Demonstrated Last Reviewed: 2001
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AT-A-GLANCE TABLE FOR POINT SOURCES

Additional Information:

LNBs are designed to "stage" combustion so that two combustion zones are created, one fuel-rich
combustion and one at a lower temperature. Staging techniques are usually used by LNB to supply
excess air to cool the combustion process or to reduce available oxygen in the flame zone. Staged-
air LNBs create a fuel-rich reducing primary combustion zone and a fuel-lean secondary combustion
zone. Staged-fuel LNBs create a lean combustion zone that is relatively cool due to the presence of
excess air, which acts as a heat sink to lower combustion temperatures (EPA, 2002).

References:

EPA, 1994: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions from
Industrial/Commercial/Institutional (ICI) Boilers," EPA,-453/R-94-022, Research Triangle Park, NC,
June 1994.

EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and Standards,
"EPA Air Pollution Control Cost Manual," 6th ed., EPA/452/B-02-001, Research Triangle Park, NC,
January 2002.

Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of Air
Quality Planning and Standards, Innovative Strategies and Economics Group, Research Triangle
Park, September 1998.

Pechan, 2001: E.H. Pechan & Associates, Inc., "Revisions to AirControINET, and Particulate Matter

Control Strategies and Cost Analysis," Revised Report, prepared for U.S. Environmental Protection
Agency, Innovative Strategies and Economics Group, Research Triangle Park, September 2001.
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AT-A-GLANCE TABLE FOR POINT SOURCES

Source Category: Ammonia - Natural Gas - Fired Reformers - Small Sources

Control Measure Name: Oxygen Trim + Water Injection
Rule Name: Not Applicable

Pechan Measure Code: NO0563S, N05603 POD: 56
Application: This control is the use of OT + WI to reduce NOx emissions.
This control is applicable to small (<1 ton NOx per OSD) ammonia production

operations with natural gas-fired reformers (SCC 30100306) and uncontrolled NOx
emissions greater than 10 tons per year.

Affected SCC:
30100306 Ammonia Production, Primary Reformer: Natural Gas Fired

PM10 | PM2.5 EC oC NOx VOC S02 NH3 co Hg

Pollutant(s)
\/*

\ = pollutant reduction; X = pollutant increase, * = major pollutant
Control Efficiency: 65% from uncontrolled
Equipment Life: 10 years
Rule Effectiveness: 100%
Penetration: 100%

Cost Basis:  Sources are distinguished by power output (Pechan, 1998).
Small source = less than 1 ton NOx per ozone season day

Costs for stationary source NOx control are based on an analysis of EPA's NOx State
Implementation Plan (SIP) Call (Pechan, 1998). The basis of the costs are model
plant data in the Alternative Control Techniques (ACT) document (EPA, 1994). From
this analysis, default cost per ton values are assigned along with a capital to annual
costs ratio of 2.9. A discount rate of 7 percent and a capacity factor of 65 percent are
assumed, along with an equipment life of 10 years (EPA, 1994).

In general, the incremental default cost is used for sources where there are existing
controls (RACT baseline), with efficiencies less than or equal to 70% (Pechan, 2001).

Cost Effectiveness: The default cost effectiveness value is $680 per ton NOx reduced from both
uncontrolled and RACT baselines (1990$).

Comments:

Status: Demonstrated Last Reviewed: 2001

Additional Information:

Water is injected into the gas turbine, reducing the temperatures in the NOx-forming regions. The
water can be injected into the fuel, the combustion air or directly into the combustion chamber (ERG,
2000).
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AT-A-GLANCE TABLE FOR POINT SOURCES

References:

EPA, 1994: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions from
Industrial/Commercial/Institutional (ICI) Boilers," EPA,-453/R-94-022, Research Triangle Park, NC,
June 1994.

EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and Standards,
"EPA Air Pollution Control Cost Manual," 6th ed., EPA/452/B-02-001, Research Triangle Park, NC,
January 2002.

ERG, 2000: Eastern Research Group, Inc., "How to Incorporate the Effects of Air Pollution Control
Device Efficiencies and Malfunctions into Emission Inventory Estimates," prepared for Emission
Inventory Improvement Program, Point Sources Committee, July 2000.

Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of Air
Quality Planning and Standards, Innovative Strategies and Economics Group, Research Triangle
Park, September 1998.

Pechan, 2001: E.H. Pechan & Associates, Inc., "Revisions to AirControINET, and Particulate Matter

Control Strategies and Cost Analysis," Revised Report, prepared for U.S. Environmental Protection
Agency, Innovative Strategies and Economics Group, Research Triangle Park, September 2001.
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AT-A-GLANCE TABLE FOR POINT SOURCES

Source Category: Ammonia - Natural Gas - Fired Reformers - Small Sources

Control Measure Name: Selective Catalytic Reduction (SCR)

Rule Name: Not Applicable

Pechan Measure Code: N0564S, N05604 POD: 56
Application:

This control is the selective catalytic reduction of NOx through add-on controls. SCR

controls are post-combustion control technologies based on the chemical reduction of
nitrogen oxides (NOx) into molecular nitrogen (N2) and water vapor (H20). The SCR
utilizes a catalyst to increase the NOx removal efficiency, which allows the process to
occur at lower temperatures.

Applies to small (<1 ton NOx per OSD) natural-gas fired reformers involved in the
production of ammonia (SCC 30100306) with uncontrolled NOx emissions greater than
10 tons per year..

Affected SCC:
30100306 Ammonia Production, Primary Reformer: Natural Gas Fired

Pollutant(s)

PM10 | PM2.5 EC ocC NOx voC S02 NH3 co Hg

V* X

V= po.IIutant reduction; X = pollutant increase, * = major pollutant

Control Efficiency: 80% from uncontrolled

Equipment Life: 20 years
Rule Effectiveness: 100%

Penetration:

100%

Cost Basis:

Sources are distinguished by NOx emission levels (Pechan, 1998).
Small source = emission levels less than 1 ton per ozone season day

Costs for stationary source NOx control are based on an analysis of EPA's NOx State
Implementation Plan (SIP) Call (Pechan, 1998). From this analysis, default cost per
ton values are assigned. A discount rate of 7 percent and a capacity factor of 65
percent are assumed, along with an equipment life of 20 years (EPA, 1994).

In general, the incremental default cost is used for sources where there are existing
controls (RACT baseline), with efficiencies less than or equal to 70% (Pechan, 2001).

Cost Effectiveness: The cost effectiveness values used in AirControINET are $2,230 per ton NOx

reduced from uncontrolled and $2,860 per ton NOx reduced from RACT
baseline (1990%).

Comments:

Status: Demonstrated Last Reviewed: 2001
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Additional Information:

Selective Catalytic Reduction (SCR) has been widely applied to stationary source, fossil fuel-fired,
combustion units for emission control since the early 1970s. SCR is typically implemented on units
requiring a higher level of NOx control than achievable by SNCR or other combustion controls (EPA,
2002).

Like SNCR, SCR is based on the chemical reduction of the NOx molecule. The primary difference
between SNCR and SCR is that SCR uses a metal-based catalyst to increase the rate of reaction
(EPA, 2002). A nitrogen based reducing reagent, such as ammonia or urea, is injected into the flue
gas. The reagent

reacts selectively with the flue gas NOx within a specific temperature range and in the presence of
the catalyst and oxygen to reduce the NOx.

The use of a catalyst results in two advantages of the SCR process over SNCR, the higher NOx
reduction efficiency and the lower and broader temperature ranges. However, the decrease in
reaction temperature and increase in efficiency is accompanied by a significant increase in capital
and operating costs (EPA, 2002). The cost increase is due to the large amount of catalyst required.

The SCR system can utilize either aqueous or anhydrous ammonia as the reagent. Anhydrous
ammonia is a gas at atmospheric pressure and normal temperatures. There are safety issues with
the use of anhydrous ammonia, as it must be transported and stored under pressure (EPA, 2002).
Aqueous ammonia is generally transported and stored at a concentration of 29.4% ammonia in
water.

Today, catalyst formulations include single component, multi-component, or active phase with a
support structure. Most catalyst formulations contain additional compounds or sup-ports, providing
thermal and structural stability or to increase surface area (EPA, 2002).

The rate of reaction determines the amount of NOx removed from the flue gas. The important
design and operational factors that affect the rate of reduction include: reaction temperature range;
residence time available in the optimum temperature range; degree of mixing between the injected
reagent and the combustion gases; uncontrolled NOx concentration level; molar ratio of injected
reagent to uncontrolled NOx; ammonia slip; catalyst activity; catalyst selectivity; pressure drop
across the catalyst; catalyst pitch; catalyst deactivation; and catalyst management (EPA, 2001).

References:

EPA, 1994: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions from
Industrial/Commercial/Institutional (ICl) Boilers," EPA-453/R-94-022, Research Triangle Park, NC,
June 1994,

EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and Standards,
"EPA Air Pollution Control Cost Manual," 6th ed., EPA/452/B-02-001, Research Triangle Park, NC,
January 2002.

Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of Air
Quality Planning and Standards, Innovative Strategies and Economics Group, Research Triangle
Park, September 1998.

Pechan, 2001: E.H. Pechan & Associates, Inc., "Revisions to AirControINET, and Particulate Matter
Control Strategies and Cost Analysis," Revised Report, prepared for U.S. Environmental Protection
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Agency, Innovative Strategies and Economics Group, Research Triangle Park, September 2001.
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Source Category: Ammonia - Natural Gas - Fired Reformers - Small Sources

Control Measure Name: Selective Non-Catalytic Reduction (SNCR)

Rule Name: Not Applicable

Pechan Measure Code: NO0565S, N05605 POD: 56
Application:

This control is the reduction of NOx emission through selective non-catalytic reduction
add-on controls. SNCR controls are post-combustion control technologies based on
the chemical reduction of nitrogen oxides (NOx) into molecular nitrogen (N2) and water
vapor (H20).

This control applies to small (<1 ton NOx per OSD) ammonia production natural gas
fired reformers (SCC 30100306) with uncontrolled NOx emissions greater than 10 tons
per year.

Affected SCC:
30100306 Ammonia Production, Primary Reformer: Natural Gas Fired

Pollutant(s)

PM10 | PM2.5 EC oC NOx VOC S02 NH3 co Hg

\* X

V= po.llutant reduction; X = pollutant increase, * = major pollutant

Control Efficiency: 50% from uncontrolled

Equipment Life: 20 years
Rule Effectiveness: 100%

Penetration:

100%

Cost Basis:

Sources are distinguished by NOx emission levels (Pechan, 1998).
Small source = emission levels less than 1 ton per ozone season day

Costs for stationary source NOx control are based on an analysis of EPA's NOx State
Implementation Plan (SIP) Call (Pechan, 1998). From this analysis, default cost per
ton values are assigned. A discount rate of 7 percent and a capacity factor of 65
percent are assumed, along with an equipment life of 20 years (EPA, 1994).

In general, the incremental default cost is used for sources where there are existing
controls (RACT baseline), with efficiencies less than or equal to 70% (Pechan, 2001).

Cost Effectiveness: The cost effectiveness values used in AirControINET are $3,780 per ton NOx

reduced from uncontrolled and $2,900 per ton NOx reduced from RACT
baseline (19909%).

Comments:

Status: Demonstrated Last Reviewed: 2001
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Additional Information:

SNCR is the reduction of NOx in flue gas to N2 and water vapor. This reduction is done with a
nitrogen based reducing reagent, such as ammonia or urea. The reagent can react with a number of
flue gas components. However, the NOx reduction reaction is favored for a specific temperature
range and in the presence of oxygen (EPA, 2002).

Both ammonia and urea are used as reagents. The cost of the reagent represents a large part of the
annual costs of an SNCR system. Ammonia is generally less expensive than urea. However, the
choice of reagent is also based on physical properties and operational considerations (EPA, 2002).

Ammonia can be utilized in either aqueous or anhydrous form. Anhydrous ammonia is a gas at
atmospheric pressure and normal temperatures. There are safety issues with the use of anhydrous
ammonia, as it must be transported and stored under pressure (EPA, 2002). Aqueous ammonia is
generally transported and stored at a concentration of 29.4% ammonia in water.

Urea based systems have several advantages, including several safety aspects. Urea is a nontoxic,
less volatile liquid that can be stored and handled more safely than ammonia. Urea solution droplets
can penetrate farther into the flue gas when injected into the boiler, enhancing mixing (EPA, 2002).
Because of these advantages, urea is more commonly used than ammonia in large boiler
applications.

The rate of reaction determines the amount of NOx removed from the flue gas. The important
design and operational factors that affect the rate of reduction include:

Reaction temperature range;

Residence time available in the optimum temperature range;

Degree of mixing between the injected reagent and the combustion gases
Uncontrolled NOx concentration level;

Molar ratio of injected reagent to uncontrolled NOx ; and

Ammonia slip.

References:

EPA, 1994: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions from
Industrial/Commercial/Institutional (ICI) Boilers," EPA,-453/R-94-022, Research Triangle Park, NC,
June 1994.

EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and Standards,
"EPA Air Pollution Control Cost Manual," 6th ed., EPA/452/B-02-001, Research Triangle Park, NC,
January 2002.

Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of Air
Quality Planning and Standards, Innovative Strategies and Economics Group, Research Triangle
Park, September 1998.

Pechan, 2001: E.H. Pechan & Associates, Inc., "Revisions to AirControINET, and Particulate Matter

Control Strategies and Cost Analysis," Revised Report, prepared for U.S. Environmental Protection
Agency, Innovative Strategies and Economics Group, Research Triangle Park, September 2001.
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Source Category: Ammonia Products; Feedstock Desulfurization - Small Sources

Control Measure Name: Low NOx Burner + Flue Gas Recirculation
Rule Name: Not Applicable

Pechan Measure Code: N0622S, N06202 POD: 62

Application: This control is the use of low NOx burner (LNB) technology and flue gas recirculation
(FGR) to reduce NOx emissions. LNBs reduce the amount of NOx created from
reaction between fuel nitrogen and oxygen by lowering the temperature of one
combustion zone and reducing the amount of oxygen available in another.

This control is applicable to small (<1 ton per OSD) feedstock desulfurization
processes in ammonia products operations with uncontrolled NOx emissions greater
than 10 tons per year.

Affected SCC:
30100305 Ammonia Production, Feedstock Desulfurization

PM10 | PM2.5 EC oC NOx VOC S02 NH3 Cco Hg

Pollutant(s)
\/*

\ = pollutant reduction; X = pollutant increase, * = major pollutant
Control Efficiency: 60% from uncontrolled
Equipment Life: 10 years
Rule Effectiveness: 100%
Penetration: 100%

Cost Basis:  Sources are distinguished by power output (Pechan, 1998).
Small source = less than 1 ton NOx per ozone season day

Costs for stationary source NOx control are based on an analysis of EPA's NOx State
Implementation Plan (SIP) Call (Pechan, 1998). The basis of the costs are model
plant data in the Alternative Control Techniques (ACT) document (EPA, 1994). From
this analysis, default cost per ton values are assigned along with a capital to annual
costs ratio of 5.9. An equipment life of 10 years is assumed (EPA, 1994).

In general, the incremental default cost is used for sources where there are existing
controls (RACT baseline), with efficiencies less than or equal to 70% (Pechan, 2001).

Cost Effectiveness: The default cost effectiveness values are $2,560 per ton NOx reduced from
uncontrolled and $2,470 per ton NOx reduced from RACT (1990%).

Comments:

Status: Demonstrated Last Reviewed: 2001
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Additional Information:

It is assumed that the superheated steam needed to regenerate the activated carbon bed used in
the desulfurization process is the NOx source.

LNBs are designed to "stage" combustion so that two combustion zones are created, one fuel-rich
combustion and one at a lower temperature. Staging techniques are usually used by LNB to supply
excess air to cool the combustion process or to reduce available oxygen in the flame zone. Staged-
air LNBs create a fuel-rich reducing primary combustion zone and a fuel-lean secondary combustion
zone. Staged-fuel LNBs create a lean combustion zone that is relatively cool due to the presence of
excess air, which acts as a heat sink to lower combustion temperatures (EPA, 2002).

References:

EPA, 1994: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions from
Industrial/Commercial/Institutional (ICl) Boilers," EPA-453/R-94-022, Research Triangle Park, NC,
June 1994.

EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and Standards,
"EPA Air Pollution Control Cost Manual," 6th ed., EPA/452/B-02-001, Research Triangle Park, NC,
January 2002.

Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of Air
Quality Planning and Standards, Innovative Strategies and Economics Group, Research Triangle
Park, September 1998.

Pechan, 2001: E.H. Pechan & Associates, Inc., "Revisions to AirControINET, and Particulate Matter

Control Strategies and Cost Analysis," Revised Report, prepared for U.S. Environmental Protection
Agency, Innovative Strategies and Economics Group, Research Triangle Park, September 2001.
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Source Category: Asphaltic Conc; Rotary Dryer; Conv Plant - Small Sources

Control Measure Name: Low NOx Burner
Rule Name: Not Applicable

Pechan Measure Code: NO0731S, N07301 POD: 73

Application: This control is the use of low NOx burner (LNB) technology to reduce NOx emissions.
LNBs reduce the amount of NOx created from reaction between fuel nitrogen and
oxygen by lowering the temperature of one combustion zone and reducing the amount
of oxygen available in another.

This control is applicable to small (<1 ton NOx per OSD) construction operations with
rotary driers and uncontrolled NOx emissions greater than 10 tons per year.

Affected SCC:
30502508 Construction Sand & Gravel, Dryer (See 3-05-027-20 thru -24 Industrial Sand Dryers)

PM10 | PM2.5 EC ocC NOx voC S02 NH3 co Hg

Pollutant(s)

\/*

v = pollutant reduction; X = pollutant increase, * = major pollutant
Control Efficiency: 50% from uncontrolled
Equipment Life: 15 years
Rule Effectiveness: 100%
Penetration: 100%

Cost Basis:  Sources are distinguished by NOx emission levels (Pechan, 1998).
Small source = emissions level less than 1 ton per ozone season day

Costs for stationary source NOx control are based on an analysis of EPA's NOx State
Implementation Plan (SIP) Call (Pechan, 1998). From this analysis, default cost per
ton values are assigned along with a capital to annual costs ratio of 7.3. A discount
rate of 7 percent and a capacity factor of 65 percent are assumed, along with an
equipment life of 15 years (EPA, 1993).

Cost Effectiveness: The cost effectiveness used in AirControINET is $2,200 per ton NOx reduced
from both uncontrolled and RACT (19908%).

Comments:

Status: Demonstrated Last Reviewed: 1998

Additional Information:

LNBs are designed to "stage" combustion so that two combustion zones are created, one fuel-rich
combustion and one at a lower temperature. Staging techniques are usually used by LNB to supply
excess air to cool the combustion process or to reduce available oxygen in the flame zone. Staged-
air LNBs create a fuel-rich reducing primary combustion zone and a fuel-lean secondary combustion
zone. Staged-fuel LNBs create a lean combustion zone that is relatively cool due to the presence of
excess air, which acts as a heat sink to lower combustion temperatures (EPA, 2002).

Document No. 05.09.009/9010.463 111-30 Report




AT-A-GLANCE TABLE FOR POINT SOURCES

References:

EPA, 1993: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions from
Process Heaters," EPA-453/R-93-034, Research Triangle Park, NC, September 1993.

EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and Standards,
"EPA Air Pollution Control Cost Manual," 6th ed., EPA/452/B-02-001, Research Triangle Park, NC,
January 2002.

Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of Air
Quality Planning and Standards, Innovative Strategies and Economics Group, Research Triangle
Park, September 1998.
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Source Category: By-Product Coke Manufacturing; Oven Underfiring

Control Measure Name: Selective Non-Catalytic Reduction (SNCR)

Rule Name: Not Applicable

Pechan Measure Code: NO0653S, N06503 POD: 65
Application:

This control is the reduction of NOx emission through selective non-catalytic reduction
add-on controls. SNCR controls are post-combustion control technologies based on
the chemical reduction of nitrogen oxides (NOx) into molecular nitrogen (N2) and water
vapor (H20).

This control applies to all by-product coke manufacturing operations with oven
underfiring (SCC 30300306) and uncontrolled NOx emissions greater than 10 tons per
year.

Affected SCC:
30300306 By-product Coke Manufacturing, Oven Underfiring

Pollutant(s)

PM10 | PM2.5 EC oC NOx VOC S02 NH3 co Hg

\* X

V= po.llutant reduction; X = pollutant increase, * = major pollutant

Control Efficiency: 60% from uncontrolled

Equipment Life: 10 years
Rule Effectiveness: 100%

Penetration:

100%

Cost Basis:

Sources are distinguished by NOx emission levels (Pechan, 1998).

Small source = emission levels less than 1 ton per ozone season day
Large source = emission levels greater than 1 ton per ozone season day

Costs for stationary source NOx control are based on an analysis of EPA's NOx State
Implementation Plan (SIP) Call (Pechan, 1998). From this analysis, default cost per
ton values are assigned. A discount rate of 7 percent and a capacity factor of 65
percent are assumed, along with an equipment life of 10 years (EPA, 1994).

In general, the incremental default cost is used for sources where there are existing
controls (RACT baseline), with efficiencies less than 70% (Pechan, 2001).

Cost Effectiveness: The cost effectiveness (for both small and large sources) used in

AirControINET for both reductions from baseline and reductions from RACT is
$1,640 per ton NOx reduced (19909%).

Comments:

Status: Demonstrated Last Reviewed: 2001
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Additional Information:

SNCR is the reduction of NOx in flue gas to N2 and water vapor. This reduction is done with a
nitrogen based reducing reagent, such as ammonia or urea. The reagent can react with a number of
flue gas components. However, the NOx reduction reaction is favored for a specific temperature
range and in the presence of oxygen (EPA, 2002).

Both ammonia and urea are used as reagents. The cost of the reagent represents a large part of the
annual costs of an SNCR system. Ammonia is generally less expensive than urea. However, the
choice of reagent is also based on physical properties and operational considerations (EPA, 2002).

Ammonia can be utilized in either aqueous or anhydrous form. Anhydrous ammonia is a gas at
atmospheric pressure and normal temperatures. There are safety issues with the use of anhydrous
ammonia, as it must be transported and stored under pressure (EPA, 2002). Aqueous ammonia is
generally transported and stored at a concentration of 29.4% ammonia in water.

Urea based systems have several advantages, including several safety aspects. Urea is a nontoxic,
less volatile liquid that can be stored and handled more safely than ammonia. Urea solution droplets
can penetrate farther into the flue gas when injected into the boiler, enhancing mixing (EPA, 2002).
Because of these advantages, urea is more commonly used than ammonia in large boiler
applications.

The rate of reaction determines the amount of NOx removed from the flue gas. The important
design and operational factors that affect the rate of reduction include:

Reaction temperature range;

Residence time available in the optimum temperature range;

Degree of mixing between the injected reagent and the combustion gases
Uncontrolled NOx concentration level;

Molar ratio of injected reagent to uncontrolled NOx ; and

Ammonia slip.

References:

EPA, 1994: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions from
Iron and Steel Mills," EPA-453/R-94-065, Research Triangle Park, NC, September, 1994.

EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and Standards,
"EPA Air Pollution Control Cost Manual," 6th ed., EPA/452/B-02-001, Research Triangle Park, NC,
January 2002.

Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of Air
Quality Planning and Standards, Innovative Strategies and Economics Group, Research Triangle
Park, September 1998.

Pechan, 2001: E.H. Pechan & Associates, Inc., "Revisions to AirControINET, and Particulate Matter

Control Strategies and Cost Analysis," Revised Report, prepared for U.S. Environmental Protection
Agency, Innovative Strategies and Economics Group, Research Triangle Park, September 2001.
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Source Category: Cement Kilns

Control Measure Name: Biosolid Injection
Rule Name: Not Applicable

Pechan Measure Code: NCEMK POD: 90
Application: This control applies to cement kilns

Affected SCC:
30102306 Sulfuric Acid (Contact Process), Absorber/@99.0% Conversion

PM10 | PM2.5 EC ocC NOx voC S02 NH3 Cco Hg

Pollutant(s) ¥

\ = pollutant reduction; X = pollutant increase, * = major pollutant
Control Efficiency: 23% from uncontrolled
Equipment Life: 15 years
Rule Effectiveness: 100%
Penetration: 100%
Cost Basis:  Capital cost to annual ratio is 7.3
Cost Effectiveness: The cost effectiveness is $310 per ton of Nox reduction (19979%).
Comments:
Status: Demonstrated Last Reviewed: 2004
Additional Information:
References:
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Source Category: Cement Manufacturing - Dry

Control Measure Name: Mid-Kiln Firing
Rule Name: Not Applicable

Pechan Measure Code: NO0331L, N0331S, N03301 POD: 33
Application: This control is the use of mid- kiln firing to reduce NOx emissions.

This control applies to dry-process cement manufacturing (SCC 30500606) with
uncontrolled NOx emissions greater than 10 tons per year.

Affected SCC:
30500606 Mineral Products, Cement Manufacturing (Dry Process), Kilns

PM10 | PM2.5 EC ocC NOx voC S02 NH3 co Hg

Pollutant(s)

\/*

V= po.IIutant reduction; X = pollutant increase, * = major pollutant
Control Efficiency: 25% from uncontrolled
Equipment Life: 15 years
Rule Effectiveness: 100%
Penetration: 100%

Cost Basis:  Cost equations for cement plants NOx control are based on an analysis of EPA's NOx
State Implementation Plan (SIP) Call (Pechan, 1998). Capital and annual cost
information was obtained from a NOx control technologies for the cement industry
report (EC/R, 2000). Cost for low-NOx burners were developed using model plants.
A discount rate of 10% and an equipment life of 15 years was assumed.

O&M Cost Components: The O&M cost breakdown is estimated using the detailed
information in the EC/R report, Tables 6-3, 6-9 and 6-10. Per the EC/R report,
electricity costs are negligible. The breakdown was obtained using the average O&M
costs for furnaces having capacities of 113 and 180 MMBTU per hour. A capacity
factor of is used in estimating the O&M cost breakdown.

Maintenance labor: $24.33 per hour times 0.5 hour per 8-hour shift
Fuel (tires): -$42.50 per ton

Cost Effectiveness: The default cost effectiveness value is $55 per ton NOx reduced from both
uncontrolled and RACT baselines (1997$). The cost effectiveness range is
from a savings of $460 to a cost of $720 per ton NOx reduced.

Comments:

Status: Demonstrated Last Reviewed: 1998

Additional Information:
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References:

EC/R, 2000: EC/R Incorporated, "NOx Control Technologies for the Cement Industry," prepared for
U.S. Environmental Protection Agency, Research Triangle Park, NC, September 2000.

EPA, 1994: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions from
Cement Manufacturing," EPA,-453/R-94-004, Research Triangle Park, NC, March 1994.

Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of Air
Quality Planning and Standards, Innovative Strategies and Economics Group, Research Triangle
Park, September 1998.
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Source Category: Cement Manufacturing - Dry

Control Measure Name: Low NOx Burner
Rule Name: Not Applicable

Pechan Measure Code: N0332S, N03302 POD: 33

Application: This control is the use of low NOx burner (LNB) technology to reduce NOx emissions.
LNBs reduce the amount of NOx created from reaction between fuel nitrogen and
oxygen by lowering the temperature of one combustion zone and reducing the amount
of oxygen available in another.

This control applies to dry-process cement manufacturing operations with indirect-fired
kilns (SCC 30500606) with uncontrolled NOx emissions greater than 10 tons per year.

Affected SCC:
30500606 Mineral Products, Cement Manufacturing (Dry Process), Kilns

PM10 | PM2.5 EC ocC NOx voC S02 NH3 co Hg

Pollutant(s)

\/*

v = pollutant reduction; X = pollutant increase, * = major pollutant
Control Efficiency: 25% from uncontrolled
Equipment Life: 15 years
Rule Effectiveness: 100%
Penetration: 100%

Cost Basis:  Costs for stationary source NOx control are based on an analysis of EPA's NOx State
Implementation Plan (SIP) Call (Pechan, 1998). Capital and annual cost information
was obtained from a NOx control technologies for the cement industry report (EC/R,
2000). Cost for low-NOx burners were developed using model plants. A discount
rate of 7 percent and a capacity factor of 65 percent are assumed, along with an
equipment life of 15 years (EPA, 1994).

O&M Cost Components: The O&M cost breakdown is estimated using the detailed
information in Tables 6-5, 6-6, 6-7 and 6-8 of the ACT document. The breakdown

was developed using the average costs for 2 direct-fired and 2 indirect-fired model
furnaces. A capacity factor of 0.91 is used in estimating the O&M cost breakdown.

Operating Labor: $22.12/hr
Maintenance Labor: $24.33/hr

Cost Effectiveness: The cost effectiveness used in AirControINET is $440 per ton NOx reduced
from both uncontrolled and RACT (1997$). The cost effectiveness range is
$300 to $620 per ton NOx reduced.

Comments:

Status: Demonstrated Last Reviewed: 1998
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Additional Information:

LNBs are designed to "stage" combustion so that two combustion zones are created, one fuel-rich
combustion and one at a lower temperature. Staging techniques are usually used by LNB to supply
excess air to cool the combustion process or to reduce available oxygen in the flame zone. Staged-
air LNBs create a fuel-rich reducing primary combustion zone and a fuel-lean secondary combustion
zone. Staged-fuel LNBs create a lean combustion zone that is relatively cool due to the presence of
excess air, which acts as a heat sink to lower combustion temperatures (EPA, 2002).

References:

EC/R, 2000: EC/R Incorporated, "NOx Control Technologies for the Cement Industry," prepared for
U.S. Environmental Protection Agency, Research Triangle Park, NC, September 2000.

EPA, 1994: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions from
Cement Manufacturing," EPA,-453/R-94-004, Research Triangle Park, NC, March 1994.

EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and Standards,
"EPA Air Pollution Control Cost Manual," 6th ed., EPA/452/B-02-001, Research Triangle Park, NC,
January 2002.

Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of Air
Quality Planning and Standards, Innovative Strategies and Economics Group, Research Triangle
Park, NC, September 1998.
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Source Category: Cement Manufacturing - Dry

Control Measure Name: Selective Non-Catalytic Reduction (SNCR) Urea Based

Rule Name: Not Applicable

Pechan Measure Code: N0333S, N03303 POD: 33
Application:

This control is the reduction of NOx emission through urea based selective non-
catalytic reduction add-on controls. SNCR controls are post-combustion control
technologies based on the chemical reduction of nitrogen oxides (NOXx) into molecular
nitrogen (N2) and water vapor (H20).

This control applies to dry-process cement manufacturing (SCC 30500606) with
uncontrolled NOx emissions greater than 10 tons per year.

Affected SCC:
30500606 Mineral Products, Cement Manufacturing (Dry Process), Kilns

Pollutant(s)

PM10 | PM2.5 EC ocC NOx voC S02 NH3 co Hg

\* X

V= po-llutant reduction; X = pollutant increase, * = major pollutant

Control Efficiency: 50% from uncontrolled

Equipment Life: 15 years
Rule Effectiveness: 100%

Penetration:

100%

Cost Basis:

Sources are distinguished by NOx emission levels (Pechan, 1998).

Small source = emission levels less than 1 ton per ozone season day
Large source = emission levels greater than 1 ton per ozone season day

Costs for stationary source NOx control are based on an analysis of EPA's NOx State
Implementation Plan (SIP) Call (Pechan, 1998). From this analysis, default cost per
ton values are assigned for small sources. A discount rate of 7 percent and a
capacity factor of 65 percent are assumed, along with an equipment life of 15 years
(EPA, 1994).

O&M Cost Components: The O&M cost breakdown is estimated using the detailed
information in the ACT document Table 6-11. The breakdown was obtained using the
average O&M costs for furnaces having capacities of 152, 266, 330 and 495 MMBTU
per hour. A capacity factor of 0.913 is used in estimating the O&M cost breakdown.

Operating labor: $28.22 per hour
Maintenance labor: $24.33 per hour times 0.5 hours per 8 hour shift

Cost Effectiveness: The cost effectiveness (for both small and large sources) used in

AirControINET for both reductions from baseline and reductions from RACT is
$770 per ton NOx reduced (1990$).

Comments:
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Status: Demonstrated Last Reviewed: 1998

Additional Information:

SNCR is the reduction of NOx in flue gas to N2 and water vapor. This reduction is done with a
nitrogen based reducing reagent, such as ammonia or urea. The reagent can react with a number of
flue gas components. However, the NOx reduction reaction is favored for a specific temperature
range and in the presence of oxygen (EPA, 2002).

Urea based systems have several advantages, including several safety aspects. Urea is a nontoxic,
less volatile liquid that can be stored and handled more safely than ammonia. Urea solution droplets
can penetrate farther into the flue gas when injected into the boiler, enhancing mixing (EPA, 2002).
Because of these advantages, urea is more commonly used than ammonia in large boiler
applications.

The rate of reaction determines the amount of NOx removed from the flue gas. The important
design and operational factors that affect the rate of reduction include:

Reaction temperature range;

Residence time available in the optimum temperature range;

Degree of mixing between the injected reagent and the combustion gases
Uncontrolled NOx concentration level;

Molar ratio of injected reagent to uncontrolled NOx ; and

Ammonia slip.

References:

EPA, 1994: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions from
Cement Manufacturing," EPA,-453/R-94-004, Research Triangle Park, NC, March 1994.

EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and Standards,
"EPA Air Pollution Control Cost Manual," 6th ed., EPA/452/B-02-001, Research Triangle Park, NC,
January 2002.

Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of Air
Quality Planning and Standards, Innovative Strategies and Economics Group, Research Triangle
Park, September 1998.
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Source Category: Cement Manufacturing - Dry

Control Measure Name: Selective Non-Catalytic Reduction (SNCR) Ammonia Based
Rule Name: Not Applicable

Pechan Measure Code: N0334S, N03304 POD: 33

Application: This control is the reduction of NOx emission through ammonia based selective non-
catalytic reduction add-on controls. SNCR controls are post-combustion control
technologies based on the chemical reduction of nitrogen oxides (NOXx) into molecular
nitrogen (N2) and water vapor (H20).

This control applies to dry-process cement manufacturing operations (SCC 30500606)
with uncontrolled NOx emissions greater than 10 tons per year.

Affected SCC:
30500606 Mineral Products, Cement Manufacturing (Dry Process), Kilns

PM10 | PM2.5 EC ocC NOx voC S02 NH3 co Hg

Pollutant(s)

\* X

v = pollutant reduction; X = pollutant increase, * = major pollutant
Control Efficiency: 50% from uncontrolled
Equipment Life: 15 years
Rule Effectiveness: 100%
Penetration: 100%

Cost Basis:  Sources are distinguished by NOx emission levels (Pechan, 1998).

Small source = emission levels less than 1 ton per ozone season day
Large source = emission levels greater than 1 ton per ozone season day

Costs for stationary source NOx control are based on an analysis of EPA's NOx State
Implementation Plan (SIP) Call (Pechan, 1998). From this analysis, default cost per
ton values are assigned for small sources. A discount rate of 7 percent and a
capacity factor of 65 percent are assumed, along with an equipment life of 15 years
(EPA, 1994).

O&M Cost Components: The O&M cost breakdown is estimated using the detailed
information in . The breakdown was obtained using the average O&M costs for
having capacities of per hour. A capacity factor of is used in estimating the O&M
cost breakdown.

Operating labor: $28.22 per hour
Fuel (natural gas): $5.00 per MMBTU

Cost Effectiveness: The cost effectiveness (for both small and large sources) used in
AirControINET for both reductions from baseline and reductions from RACT is
$850 per ton NOx reduced (19909).

Comments:
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Status: Demonstrated Last Reviewed: 1998

Additional Information:

SNCR is the reduction of NOx in flue gas to N2 and water vapor. This reduction is done with a
nitrogen based reducing reagent, such as ammonia or urea. The reagent can react with a number of
flue gas components. However, the NOx reduction reaction is favored for a specific temperature
range and in the presence of oxygen (EPA, 2002).

Both ammonia and urea are used as reagents. The cost of the reagent represents a large part of the
annual costs of an SNCR system. Ammonia is generally less expensive than urea. However, the
choice of reagent is also based on physical properties and operational considerations (EPA, 2002).

Ammonia can be utilized in either aqueous or anhydrous form. Anhydrous ammonia is a gas at
atmospheric pressure and normal temperatures. There are safety issues with the use of anhydrous
ammonia, as it must be transported and stored under pressure (EPA, 2002). Aqueous ammonia is
generally transported and stored at a concentration of 29.4% ammonia in water.

Urea based systems have several advantages, including several safety aspects. Urea is a nontoxic,
less volatile liquid that can be stored and handled more safely than ammonia. Urea solution droplets
can penetrate farther into the flue gas when injected into the boiler, enhancing mixing (EPA, 2002).
Because of these advantages, urea is more commonly used than ammonia in large boiler
applications.

The rate of reaction determines the amount of NOx removed from the flue gas. The important
design and operational factors that affect the rate of reduction include:

Reaction temperature range;

Residence time available in the optimum temperature range;

Degree of mixing between the injected reagent and the combustion gases
Uncontrolled NOx concentration level;

Molar ratio of injected reagent to uncontrolled NOx ; and

Ammonia slip.

References:

EPA, 1994: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions from
Cement Manufacturing," EPA,-453/R-94-004, Research Triangle Park, NC, March 1994.

EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and Standards,
"EPA Air Pollution Control Cost Manual," 6th ed., EPA/452/B-02-001, Research Triangle Park, NC,
January 2002.

Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of Air
Quality Planning and Standards, Innovative Strategies and Economics Group, Research Triangle
Park, September 1998.

Pechan, 2001: E.H. Pechan & Associates, Inc., "Revisions to AirControINET, and Particulate Matter

Control Strategies and Cost Analysis," Revised Report, prepared for U.S. Environmental Protection
Agency, Innovative Strategies and Economics Group, Research Triangle Park, September 2001.
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Source Category: Cement Manufacturing - Dry

Control Measure Name: Selective Catalytic Reduction (SCR)
Rule Name: Not Applicable

Pechan Measure Code: NO0335S, N03305 POD: 33

Application: This control is the selective catalytic reduction of NOx through add-on controls. SCR
controls are post-combustion control technologies based on the chemical reduction of
nitrogen oxides (NOx) into molecular nitrogen (N2) and water vapor (H20). The SCR
utilizes a catalyst to increase the NOx removal efficiency, which allows the process to
occur at lower temperatures.

This control applies to dry-process cement manufacturing (SCC 30500606) with
uncontrolled NOx emissions greater than 10 tons per year.

Affected SCC:
30500606 Mineral Products, Cement Manufacturing (Dry Process), Kilns

PM10 | PM2.5 EC oC NOx VOC S02 NH3 co Hg

Pollutant(s)
V* X

\ = pollutant reduction; X = pollutant increase, * = major pollutant
Control Efficiency: 80% from uncontrolled
Equipment Life: 15 years
Rule Effectiveness: 100%
Penetration: 100%

Cost Basis:  Sources are distinguished by NOx emission levels (Pechan, 1998).

Small source = emission levels less than 1 ton per ozone season day
Large source = emission levels greater than 1 ton per ozone season day

Costs for stationary source NOx control are based on an analysis of EPA's NOx State
Implementation Plan (SIP) Call (Pechan, 1998). From this analysis, default cost per
ton values are assigned. A discount rate of 7 percent and a capacity factor of 65
percent are assumed, along with an equipment life of 15 years (EPA, 1994).

In general, the incremental default cost is used for sources where there are existing
controls (RACT baseline), with efficiencies less than 70% (Pechan, 2001).

O&M Cost Components: The O&M cost breakdown is estimated using the detailed
information in the EC/R report, Tables 6-13 and 6-14. The breakdown was obtained
using the average O&M costs for furnaces having capacities of 113 and 180 MMBTU
per hour. A capacity factor of 0.913 is used in estimating the O&M cost breakdown.

Operating labor: $22.12 per hour
Maintenance labor: $24.33 per hour

Cost Effectiveness: The cost effectiveness values (for both small and large sources) used in
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AirControINET are $3,370 per ton NOx reduced from both uncontrolled and
RACT baselines (19909%).

Comments:

Status: Demonstrated Last Reviewed: 2001

Additional Information:

Selective Catalytic Reduction (SCR) has been widely applied to stationary source, fossil fuel-fired,
combustion units for emission control since the early 1970s. SCR is typically implemented on units
requiring a higher level of NOx control than achievable by SNCR or other combustion controls (EPA,
2002).

Like SNCR, SCR is based on the chemical reduction of the NOx molecule. The primary difference
between SNCR and SCR is that SCR uses a metal-based catalyst to increase the rate of reaction
(EPA, 2002). A nitrogen based reducing reagent, such as ammonia or urea, is injected into the flue
gas. The reagent

reacts selectively with the flue gas NOx within a specific temperature range and in the presence of
the catalyst and oxygen to reduce the NOXx.

The use of a catalyst results in two advantages of the SCR process over SNCR, the higher NOx
reduction efficiency and the lower and broader temperature ranges. However, the decrease in
reaction temperature and increase in efficiency is accompanied by a significant increase in capital
and operating costs (EPA, 2002). The cost increase is due to the large amount of catalyst required.

The SCR system can utilize either aqueous or anhydrous ammonia as the reagent. Anhydrous
ammonia is a gas at atmospheric pressure and normal temperatures. There are safety issues with
the use of anhydrous ammonia, as it must be transported and stored under pressure (EPA, 2002).
Aqueous ammonia is generally transported and stored at a concentration of 29.4% ammonia in
water.

Today, catalyst formulations include single component, multi-component, or active phase with a
support structure. Most catalyst formulations contain additional compounds or sup-ports, providing
thermal and structural stability or to increase surface area (EPA, 2002).

The rate of reaction determines the amount of NOx removed from the flue gas. The important
design and operational factors that affect the rate of reduction include: reaction temperature range;
residence time available in the optimum temperature range; degree of mixing between the injected
reagent and the combustion gases; uncontrolled NOx concentration level; molar ratio of injected
reagent to uncontrolled NOx; ammonia slip; catalyst activity; catalyst selectivity; pressure drop
across the catalyst; catalyst pitch; catalyst deactivation; and catalyst management (EPA, 2001).

References:

EC/R, 2000: EC/R Incorporated, "NOx Control Technologies for the Cement Industry," prepared for
U.S. Environmental Protection Agency, Research Triangle Park, NC, September 2000.

EPA, 1994: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions from
Cement Manufacturing," EPA,-453/R-94-004, Research Triangle Park, NC, March 1994.

EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and Standards,
"EPA Air Pollution Control Cost Manual," 6th ed., EPA/452/B-02-001, Research Triangle Park, NC,
January 2002.
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Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of Air
Quality Planning and Standards, Innovative Strategies and Economics Group, Research Triangle
Park, September 1998.

Pechan, 2001: E.H. Pechan & Associates, Inc., "Revisions to AirControINET, and Particulate Matter

Control Strategies and Cost Analysis," Revised Report, prepared for U.S. Environmental Protection
Agency, Innovative Strategies and Economics Group, Research Triangle Park, September 2001.
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Source Category: Cement Manufacturing - Wet

Control Measure Name: Mid-Kiln Firing
Rule Name: Not Applicable

Pechan Measure Code: NO0341L, N0341S, N03401 POD: 34
Application: This control is the use of mid- kiln firing to reduce NOx emissions.

This control applies to wet-process cement manufacturing (SCC 30500706) with
uncontrolled NOx emissions greater than 10 tons per year.

Affected SCC:
30500706 Mineral Products, Cement Manufacturing (Wet Process), Kilns

PM10 | PM2.5 EC ocC NOx voC S02 NH3 co Hg

Pollutant(s) "

V= po.IIutant reduction; X = pollutant increase, * = major pollutant
Control Efficiency: 25% from uncontrolled
Equipment Life: 15 years
Rule Effectiveness: 100%
Penetration: 100%

Cost Basis:  Cost equations for cement plants NOx control are based on an analysis of EPA's NOx
State Implementation Plan (SIP) Call (Pechan, 1998). Capital and annual cost
information was obtained from a NOx control technologies for the cement industry
report (EC/R, 2000). Cost for low-NOx burners were developed using model plants.
A discount rate of 10% and an equipment life of 15 years was assumed.

O&M Cost Components: The O&M cost breakdown is estimated using the detailed
information in the EC/R report, Tables 6-3, 6-9 and 6-10. The breakdown was
obtained using the average costs for furnaces having capacities of 113 and 180
MMBTU per hour. A capacity factor of 0.913 is used in estimating the O&M cost
breakdown.

Maintenance labor: $24.33 per hour
Fuel (tires): -$42.50 per ton

Cost Effectiveness: The default cost effectiveness value is $55 per ton NOx reduced from both
uncontrolled and RACT baselines (1997$). The cost effectiveness range is
from a savings of $460 to a cost of $720 per ton NOx reduced.

Comments:

Status: Demonstrated Last Reviewed: 2001

Additional Information:
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References:

EC/R, 2000: EC/R Incorporated, "NOx Control Technologies for the Cement Industry," prepared for
U.S. Environmental Protection Agency, Research Triangle Park, NC, September 2000.

EPA, 1994: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions from
Cement Manufacturing," EPA,-453/R-94-004, Research Triangle Park, NC, March 1994.

EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and Standards,
"EPA Air Pollution Control Cost Manual," 6th ed., EPA/452/B-02-001, Research Triangle Park, NC,
January 2002.

Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of Air
Quality Planning and Standards, Innovative Strategies and Economics Group, Research Triangle
Park, September 1998.
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Source Category: Cement Manufacturing - Wet

Control Measure Name: Low NOx Burner
Rule Name: Not Applicable

Pechan Measure Code: N0342S, N0342L, N03402 POD: 34

Application: This control is the use of low NOx burner (LNB) technology to reduce NOx emissions.
LNBs reduce the amount of NOx created from reaction between fuel nitrogen and
oxygen by lowering the temperature of one combustion zone and reducing the amount
of oxygen available in another.

This control applies to wet-process cement manufacturing operations with indirect-fired
kilns (SCC 30500706) with uncontrolled NOx emissions greater than 10 tons per year.

Affected SCC:
30500706 Mineral Products, Cement Manufacturing (Wet Process), Kilns

PM10 | PM2.5 EC ocC NOx voC S02 NH3 co Hg

Pollutant(s)

\/*

v = pollutant reduction; X = pollutant increase, * = major pollutant
Control Efficiency: 25% from uncontrolled
Equipment Life: 15 years
Rule Effectiveness: 100%
Penetration: 100%

Cost Basis:  Costs for stationary source NOx control are based on an analysis of EPA's NOx State
Implementation Plan (SIP) Call (Pechan, 1998). Capital and annual cost information
was obtained from a NOx control technologies for the cement industry report (EC/R,
2000). A discount rate of 7 percent and a capacity factor of 65 percent are assumed,
along with an equipment life of 15 years (EPA, 1994).

O&M Cost Components: The O&M cost breakdown is estimated using the detailed
information in the EC/R report, Tables 6-5, 6-6, 6-7 and 6-8. The breakdown was
obtained using the average costs for two direct and two indirect-fired furnaces having
capacities (1 direct and 1 indirect) of 180 and 300 MMBTU per hour. A capacity
factor of 0.913 is used in estimating the O&M cost breakdown.

Operating labor: $22.12/hr
Maintenance labor: $24.33 per hour times 0.5 hours per 8 hour shift

Cost Effectiveness: The cost effectiveness used in AirControINET is $440 per ton NOx reduced
from both uncontrolled and RACT (1997$). The cost effectiveness range is
$300 to $620 per ton NOx reduced.

Comments:

Status: Demonstrated Last Reviewed: 1998
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Additional Information:

LNBs are designed to "stage" combustion so that two combustion zones are created, one fuel-rich
combustion and one at a lower temperature. Staging techniques are usually used by LNB to supply
excess air to cool the combustion process or to reduce available oxygen in the flame zone. Staged-
air LNBs create a fuel-rich reducing primary combustion zone and a fuel-lean secondary combustion
zone. Staged-fuel LNBs create a lean combustion zone that is relatively cool due to the presence of
excess air, which acts as a heat sink to lower combustion temperatures (EPA, 2002).

References:

EC/R, 2000: EC/R Incorporated, "NOx Control Technologies for the Cement Industry," prepared for
U.S. Environmental Protection Agency, Research Triangle Park, NC, September 2000.

EPA, 1994: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions from
Cement Manufacturing," EPA,-453/R-94-004, Research Triangle Park, NC, March 1994.

EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and Standards,
"EPA Air Pollution Control Cost Manual," 6th ed., EPA/452/B-02-001, Research Triangle Park, NC,
January 2002.

Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of Air
Quality Planning and Standards, Innovative Strategies and Economics Group, Research Triangle
Park, NC, September 1998.
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Source Category: Cement Manufacturing - Wet - Large Sources

Control Measure Name: Selective Catalytic Reduction (SCR)
Rule Name: Not Applicable

Pechan Measure Code: N0343L, N03403 POD: 34

Application: This control is the selective catalytic reduction of NOx through add-on controls. SCR
controls are post-combustion control technologies based on the chemical reduction of
nitrogen oxides (NOx) into molecular nitrogen (N2) and water vapor (H20). The SCR
utilizes a catalyst to increase the NOx removal efficiency, which allows the process to
occur at lower temperatures.

This control applies to large(>1 ton NOx per OSD) wet-process cement manufacturing
(SCC 30500706) with uncontrolled NOx emissions greater than 10 tons per year.

Affected SCC:
30500706 Mineral Products, Cement Manufacturing (Wet Process), Kilns

PM10 | PM2.5 EC oC NOx VOC S02 NH3 co Hg

Pollutant(s)
V* X

\ = pollutant reduction; X = pollutant increase, * = major pollutant
Control Efficiency: 80% from uncontrolled
Equipment Life: 15 years
Rule Effectiveness: 100%
Penetration: 100%

Cost Basis:  Sources are distinguished by NOx emission levels (Pechan, 1998).
Large source = emission levels greater than 1 ton per ozone season day

Costs for stationary source NOx control are based on an analysis of EPA's NOx State
Implementation Plan (SIP) Call (Pechan, 1998). From this analysis, default cost per
ton values are assigned. A discount rate of 7 percent and a capacity factor of 65
percent are assumed, along with an equipment life of 15 years (EPA, 1994).

In general, the incremental default cost is used for sources where there are existing
controls (RACT baseline), with efficiencies less than 70% (Pechan, 2001).

O&M Cost Components: The O&M cost breakdown is estimated using the detailed
information in the EC/R report Tables 6-3, 6-13 and 6-14. The breakdown was
obtained using the average costs for furnaces having capacities of 113 and 180
MMBTU per hour. A capacity factor of 0.913 is used in estimating the O&M cost
breakdown.

Operating labor: $22.12/hr

Maintenance labor: $24.33/hr

Fuel (natural gas): $3.42/MMBTU

Cost Effectiveness: The cost effectiveness values (for both small and large sources) used in
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AirControINET are $2,880 per ton NOx reduced from both uncontrolled and
RACT baselines (19909%).

Comments:

Status: Demonstrated Last Reviewed: 2001

Additional Information:

Selective Catalytic Reduction (SCR) has been widely applied to stationary source, fossil fuel-fired,
combustion units for emission control since the early 1970s. SCR is typically implemented on units
requiring a higher level of NOx control than achievable by SNCR or other combustion controls (EPA,
2002).

Like SNCR, SCR is based on the chemical reduction of the NOx molecule. The primary difference
between SNCR and SCR is that SCR uses a metal-based catalyst to increase the rate of reaction
(EPA, 2002). A nitrogen based reducing reagent, such as ammonia or urea, is injected into the flue
gas. The reagent

reacts selectively with the flue gas NOx within a specific temperature range and in the presence of
the catalyst and oxygen to reduce the NOXx.

The use of a catalyst results in two advantages of the SCR process over SNCR, the higher NOx
reduction efficiency and the lower and broader temperature ranges. However, the decrease in
reaction temperature and increase in efficiency is accompanied by a significant increase in capital
and operating costs (EPA, 2002). The cost increase is due to the large amount of catalyst required.

The SCR system can utilize either aqueous or anhydrous ammonia as the reagent. Anhydrous
ammonia is a gas at atmospheric pressure and normal temperatures. There are safety issues with
the use of anhydrous ammonia, as it must be transported and stored under pressure (EPA, 2002).
Aqueous ammonia is generally transported and stored at a concentration of 29.4% ammonia in
water.

Today, catalyst formulations include single component, multi-component, or active phase with a
support structure. Most catalyst formulations contain additional compounds or sup-ports, providing
thermal and structural stability or to increase surface area (EPA, 2002).

The rate of reaction determines the amount of NOx removed from the flue gas. The important
design and operational factors that affect the rate of reduction include: reaction temperature range;
residence time available in the optimum temperature range; degree of mixing between the injected
reagent and the combustion gases; uncontrolled NOx concentration level; molar ratio of injected
reagent to uncontrolled NOx; ammonia slip; catalyst activity; catalyst selectivity; pressure drop
across the catalyst; catalyst pitch; catalyst deactivation; and catalyst management (EPA, 2001).

References:

EC/R, 2000: EC/R Incorporated, "NOx Control Technologies for the Cement Industry," prepared for
U.S. Environmental Protection Agency, Research Triangle Park, NC, September 2000.

EPA, 1994: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions from
Cement Manufacturing," EPA,-453/R-94-004, Research Triangle Park, NC, March 1994.

EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and Standards,
"EPA Air Pollution Control Cost Manual," 6th ed., EPA/452/B-02-001, Research Triangle Park, NC,
January 2002.
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Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of Air
Quality Planning and Standards, Innovative Strategies and Economics Group, Research Triangle
Park, September 1998.

Pechan, 2001: E.H. Pechan & Associates, Inc., "Revisions to AirControINET, and Particulate Matter

Control Strategies and Cost Analysis," Revised Report, prepared for U.S. Environmental Protection
Agency, Innovative Strategies and Economics Group, Research Triangle Park, September 2001.
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Source Category: Cement Manufacturing - Wet - Small Sources

Control Measure Name: Selective Catalytic Reduction (SCR)

Rule Name: Not Applicable

Pechan Measure Code: N0343S POD: 34
Application:

This control is the selective catalytic reduction of NOx through add-on controls. SCR

controls are post-combustion control technologies based on the chemical reduction of
nitrogen oxides (NOx) into molecular nitrogen (N2) and water vapor (H20). The SCR
utilizes a catalyst to increase the NOx removal efficiency, which allows the process to
occur at lower temperatures.

This control applies to small (<1 ton NOx per OSD) wet-process cement manufacturing
(SCC 30500706) with uncontrolled NOx emissions greater than 10 tons per year.

Affected SCC:
30500706 Mineral Products, Cement Manufacturing (Wet Process), Kilns

Pollutant(s)

PM10 | PM2.5 EC oC NOx VOC S02 NH3 co Hg

\* X

V= po.llutant reduction; X = pollutant increase, * = major pollutant

Control Efficiency: 80% from uncontrolled

Equipment Life: 15 years
Rule Effectiveness: 100%

Penetration:

100%

Cost Basis:

Sources are distinguished by NOx emission levels (Pechan, 1998).
Small source = emission levels less than 1 ton per ozone season day

Costs for stationary source NOx control are based on an analysis of EPA's NOx State
Implementation Plan (SIP) Call (Pechan, 1998). From this analysis, default cost per
ton values are assigned. A discount rate of 7 percent and a capacity factor of 65
percent are assumed, along with an equipment life of 15 years (EPA, 1994).

In general, the incremental default cost is used for sources where there are existing
controls (RACT baseline), with efficiencies less than 70% (Pechan, 2001).

O&M Cost Components: The O&M cost breakdown is estimated using the detailed
information in the EC/R report Tables 6-3, 6-13 and 6-14. The breakdown was
obtained using the average costs for furnaces having capacities of 113 and 180
MMBTU per hour. A capacity factor of 0.913 is used in estimating the O&M cost
breakdown.

Operating labor: $22.12/hr

Maintenance labor: $24.33/hr

Cost Effectiveness: The cost effectiveness values used in AirControINET are $2,880 per ton NOx

reduced from both uncontrolled and RACT baselines (19909%).
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Comments:

Status: Demonstrated Last Reviewed: 2001

Additional Information:

Selective Catalytic Reduction (SCR) has been widely applied to stationary source, fossil fuel-fired,
combustion units for emission control since the early 1970s. SCR is typically implemented on units
requiring a higher level of NOx control than achievable by SNCR or other combustion controls (EPA,
2002).

Like SNCR, SCR is based on the chemical reduction of the NOx molecule. The primary difference
between SNCR and SCR is that SCR uses a metal-based catalyst to increase the rate of reaction
(EPA, 2002). A nitrogen based reducing reagent, such as ammonia or urea, is injected into the flue
gas. The reagent reacts selectively with the flue gas NOx within a specific temperature range and in
the presence of the catalyst and oxygen to reduce the NOx.

The use of a catalyst results in two advantages of the SCR process over SNCR, the higher NOx
reduction efficiency and the lower and broader temperature ranges. However, the decrease in
reaction temperature and increase in efficiency is accompanied by a significant increase in capital
and operating costs (EPA, 2002). The cost increase is due to the large amount of catalyst required.

The SCR system can utilize either aqueous or anhydrous ammonia as the reagent. Anhydrous
ammonia is a gas at atmospheric pressure and normal temperatures. There are safety issues with
the use of anhydrous ammonia, as it must be transported and stored under pressure (EPA, 2002).
Aqueous ammonia is generally transported and stored at a concentration of 29.4% ammonia in
water.

Today, catalyst formulations include single component, multi-component, or active phase with a
support structure. Most catalyst formulations contain additional compounds or sup-ports, providing
thermal and structural stability or to increase surface area (EPA, 2002).

The rate of reaction determines the amount of NOx removed from the flue gas. The important
design and operational factors that affect the rate of reduction include: reaction temperature range;
residence time available in the optimum temperature range; degree of mixing between the injected
reagent and the combustion gases; uncontrolled NOx concentration level; molar ratio of injected
reagent to uncontrolled NOx; ammonia slip; catalyst activity; catalyst selectivity; pressure drop
across the catalyst; catalyst pitch; catalyst deactivation; and catalyst management (EPA, 2001).

References:

EPA, 1994: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions from
Cement Manufacturing," EPA,-453/R-94-004, Research Triangle Park, NC, March 1994.

EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and Standards,
"EPA Air Pollution Control Cost Manual," 6th ed., EPA/452/B-02-001, Research Triangle Park, NC,
January 2002.

Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of Air
Quality Planning and Standards, Innovative Strategies and Economics Group, Research Triangle
Park, September 1998.

Pechan, 2001: E.H. Pechan & Associates, Inc., "Revisions to AirControINET, and Particulate Matter
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Control Strategies and Cost Analysis," Revised Report, prepared for U.S. Environmental Protection
Agency, Innovative Strategies and Economics Group, Research Triangle Park, September 2001.
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Source Category: Ceramic Clay Manufacturing; Drying - Small Sources

Control Measure Name: Low NOx Burner
Rule Name: Not Applicable

Pechan Measure Code: NO0741S, N07401 POD: 74

Application: This control is the use of low NOx burner (LNB) technology to reduce NOx emissions.
LNBs reduce the amount of NOx created from reaction between fuel nitrogen and
oxygen by lowering the temperature of one combustion zone and reducing the amount
of oxygen available in another.

This control is applicable to small (<1 ton NOx per OSD) drying processes at ceramic
clay manufacturing operations with uncontrolled NOx emissions greater than 10 tons
per year.

Affected SCC:
30500801 Ceramic Clay/Tile Manufacture, Drying ** (use SCC 3-05-008-13)

PM10 | PM2.5 EC oC NOx VOC S02 NH3 Cco Hg

Pollutant(s)
\/*

\ = pollutant reduction; X = pollutant increase, * = major pollutant
Control Efficiency: 50% from uncontrolled
Equipment Life: 15 years
Rule Effectiveness: 100%
Penetration: 100%

Cost Basis:  Sources are distinguished by NOx emission levels (Pechan, 1998).
Small source = emissions level less than 1 ton per ozone season day

Costs for stationary source NOx control are based on an analysis of EPA's NOx State
Implementation Plan (SIP) Call (Pechan, 1998). Capital and annual cost information
was obtained from the Alternative Control Techniques Document (EPA, 1993). From
this analysis, default cost per ton values are assigned along with a capital to annual
costs ratio of 7.3. A discount rate of 7 percent and a capacity factor of 65 percent are
assumed, along with an equipment life of 15 years (EPA, 1993).

Cost Effectiveness: The cost effectiveness used in AirControINET is $2,200 per ton NOx reduced
from both uncontrolled and RACT (19909%).

Comments:

Status: Demonstrated Last Reviewed: 1998

Additional Information:

LNBs are designed to "stage" combustion so that two combustion zones are created, one fuel-rich

combustion and one at a lower temperature. Staging techniques are usually used by LNB to supply
excess air to cool the combustion process or to reduce available oxygen in the flame zone. Staged-
air LNBs create a fuel-rich reducing primary combustion zone and a fuel-lean secondary combustion

Document No. 05.09.009/9010.463 111-56 Report




AT-A-GLANCE TABLE FOR POINT SOURCES

zone. Staged-fuel LNBs create a lean combustion zone that is relatively cool due to the presence of
excess air, which acts as a heat sink to lower combustion temperatures (EPA, 2002).

References:

EPA, 1993c: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions from
Process Heaters," EPA-453/R-93-034, Research Triangle Park, NC, September 1993.

EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and Standards,
"EPA Air Pollution Control Cost Manual," 6th ed., EPA/452/B-02-001, Research Triangle Park, NC,
January 2002.

Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of Air
Quality Planning and Standards, Innovative Strategies and Economics Group, Research Triangle
Park, NC, September 1998.
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Source Category: Coal Cleaning-Thrml Dryer; Fluidized Bed - Small Sources

Control Measure Name: Low NOx Burner
Rule Name: Not Applicable

Pechan Measure Code: NO0753S, N07503 POD: 75

Application: This control is the use of low NOx burner (LNB) technology to reduce NOx emissions.
LNBs reduce the amount of NOx created from reaction between fuel nitrogen and
oxygen by lowering the temperature of one combustion zone and reducing the amount
of oxygen available in another.

This control is applicable to small (<1 ton NOx per OSD) thermal drying processes at
coal cleaning operations with uncontrolled NOx emissions greater than 10 tons per
year.

Affected SCC:
30502508 Construction Sand & Gravel, Dryer (See 3-05-027-20 thru -24 Industrial Sand Dryers)

PM10 | PM2.5 EC oC NOx VOC S02 NH3 Cco Hg

Pollutant(s)
\/*

\ = pollutant reduction; X = pollutant increase, * = major pollutant
Control Efficiency: 50% from uncontrolled
Equipment Life: 10 years
Rule Effectiveness: 100%
Penetration: 100%

Cost Basis:  Sources are distinguished by NOx emission levels (Pechan, 1998).
Small source = emissions level less than 1 ton per ozone season day

Costs for stationary source NOx control are based on an analysis of EPA's NOx State
Implementation Plan (SIP) Call (Pechan, 1998). From this analysis, default cost per
ton values are assigned along with a capital to annual costs ratio of 4.5. A discount
rate of 7 percent and a capacity factor of 65 percent are assumed, along with an
equipment life of 10 years (EPA, 1994).

Cost Effectiveness: The cost effectiveness used in AirControINET is $1,460 per ton NOx reduced
from both uncontrolled and RACT (19908%).

Comments:

Status: Demonstrated Last Reviewed: 1998

Additional Information:
Thermal dryers are a direct-heat device.

LNBs are designed to "stage" combustion so that two combustion zones are created, one fuel-rich

combustion and one at a lower temperature. Staging techniques are usually used by LNB to supply
excess air to cool the combustion process or to reduce available oxygen in the flame zone. Staged-
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air LNBs create a fuel-rich reducing primary combustion zone and a fuel-lean secondary combustion
zone. Staged-fuel LNBs create a lean combustion zone that is relatively cool due to the presence of
excess air, which acts as a heat sink to lower combustion temperatures (EPA, 2002).

References:

EPA, 1994: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions from
Industrial/Commercial/Institutional (ICI) Boilers," EPA,-453/R-94-022, Research Triangle Park, NC,
June 1994.

EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and Standards,
"EPA Air Pollution Control Cost Manual," 6th ed., EPA/452/B-02-001, Research Triangle Park, NC,
January 2002.

Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of Air
Quality Planning and Standards, Innovative Strategies and Economics Group, Research Triangle
Park, September 1998.
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Source Category: Coal-fired Plants with Production Capacities>100MW

Control Measure Name: Combustion Optimization
Rule Name: Not Applicable

Pechan Measure Code: N00801 POD: 11

Application: Combustion optimization is a method that can improve combustion efficiency and
decrease NOx emissions from the electric utility boilers by using active control of the
combustion process. By using commercially available technology enhancements,
combustion optimization is an effective and broadly applicable option for most types of
boilers (e.g. gas, oil and coal) with greater than 100 MW production capacities.

This control is applicable to SCCs 10100202, 10100203, 10100212, and 10100217..

Affected SCC:

10100202 Electric Generation, Pulverized-Dry Bottom (Bituminous Coal)

10100203 Electric Generation, Bituminous/Subbituminous Coal, Cyclone Furnace (Bituminous)
10100212 Electric Generation, Pulverized Coal-Dry Bottom (Tangential) (Bituminous Coal)
10100217 Bituminous/Subbituminous Coal, Atm. Fluidized Bed Combustion-Bubbling (Bituminous)

PM10 | PM2.5 EC oC NOx VOC S02 NH3 Cco Hg

Pollutant(s)
\/*

\ = pollutant reduction; X = pollutant increase, * = major pollutant
Control Efficiency: 20% from uncontrolled
Equipment Life: 20 years
Rule Effectiveness: 100%
Penetration: 100%

Cost Basis:  Based on literature surveys and discussions with vendors and other experts familiar
with combustion optimization software, EPA's Integrated Planning Model (IPM)
performed a cost and performance analysis for process optimization of coal plants
with production capacities greater than 100 MW. According to this analysis, the
capital needed for making the required modifications to the boilers and adding the
required sensors, software and control devices was estimated to be $250,000 per
unit. The annual operating and maintenance costs for the control systems were
estimated to be $40,000 per boiler. This analysis, however does not take into
account the projected energy savings.

Wisconsin Department of Natural Resources estimated the costs associated with
three government-owned facilities in 2000 and estimated the initial expenditure for the
boilers to be approximately $100,000 each. Including expected fuel savings, the
Wisconsin Department of Natural Resources estimated an annualized net savings of
$50,000 per year for each unit (WDNR, 2000).

All costs are in 1999 dollars.

Cost Effectiveness: The cost analysis is based on the 2000 Wisconsin SIP which estimated the
cost effectiveness of the NOx combustion optimization to range from a cost
savings of $100 to a cost of $50 per ton NOx reduced (1999%). The average
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value used in AirControINET is a cost of $50 per ton NOx reduced. The
analysis includes projected energy savings from thermal efficiency
improvements for units that utilize combustion optimization (WDNR, 2000). All
costs are in $1999.

Comments:

Status: Demonstrated Last Reviewed: 2003

Additional Information:

In coal-fired plants it is estimated that thermal efficiency can be improved by 0.5%. The improved
heat rate from the units that utilize combustion optimization translates into further pollution
prevention, in addition to the reduced NOx emissions (EPA, 2002).

All combustion processes require a mixture of fuel and air. Improper fuel to air ratio can result in
thermal inefficiencies and/or excessive emissions from the boilers. Combustion optimization
measures seek to find and maintain optimum combustion conditions by applying better controls on
the air and fuel injection mechanisms of the boilers. One approach used in process optimization
utilizes a neural network computer program to find the optimum control points. For example,
advanced controls, such as furnace sensors and coal flow measuring devices, can be used to
optimize the boiler combustion by controlling the flow of fuel and air into the boiler (EPA, 1999).

Combustion must be optimized for the conditions that are encountered and often requires
customized designs for individual boilers. For example, when boiler tubes are far enough away from
the burner, computer controls from some vendors are designed to decrease the amount of air that is
pre-mixed with fuel from the stoichiometric ratio to lengthen the flame at the burner and reduce the
rate of heat release per unit volume (EPA, 1999).

References:

EPA, 1999: U.S. Environmental Protection Agenc, Clean Air Technology Center (MD-12)
Information Transfer and Program Integration Division Office of Air Quality Planning and Standard,
"Nitrogen Oxides (NOx), Why and How They Are Controlled," EPA-456/F-99-006R, Research
Triangle Park, NC, November 1999.

EPA, 2002: U.S. Environmental Protection Agency, "Documentation of EPA Modeling Applications
(v.2.1) Using The Integrated Planning Model," EPA 430/R-02-004, March 2002.
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Source Category: Combustion Turbines - Jet Fuel - Small Sources

Control Measure Name: Water Injection

Rule Name: Not Applicable
Pechan Measure Code: NO0501S, N05001 POD: 50

Application: This control is the use of water injection to reduce NOx emissions.

This control applies to small (3.3 MW to 34.4MW) jet fuel-fired turbines with
uncontrolled NOx emissions greater than 10 tons per year.

Affected SCC:

20200901 Kerosene/Naphtha (Jet Fuel), Turbine

Pollutant(s)

PM10 | PM2.5 EC ocC NOx voC S02 NH3 co Hg

\/*

V= po.IIutant reduction; X = pollutant increase, * = major pollutant

Control Efficiency: 68% from uncontrolled

Equipment Life: 15 years
Rule Effectiveness: 100%

Penetration:

100%

Cost Basis:

Sources are distinguished by the following (Pechan, 1998).
Small source = 3.3 MW to 34.4 MW

The basis of the costs are model plant data contained in the Alternative Control
Techniques (ACT) document (EPA, 1993). Capital and annual cost information was
obtained from control-specific cost data based on tons of glass produced. O&M
costs were back calculated from annual costs. From these determinations, default
cost per ton values were assigned along with a capital to annual cost ratio of 2.9
(Pechan, 1998). A discount rate of 10 percent and a capacity factor of 65 percent are
assumed, along with an equipment lifetime of 15 years (EPA, 1993).

In general, the incremental default cost is used for sources where there are existing
controls (RACT baseline), with efficiencies less than or equal to 70% (Pechan, 2001).

O&M Cost Components: The O&M cost breakdown is estimated using the
information for an example small turbine in Table 6-5 of the ACT document for
stationary gas turbines. The model plant is a 26.8 megawatt MS5001P turbine.
Continuous operation 8,000 hours per year is used to estimate operating costs.

Electricity cost: 0.06 $/kW-hr
Natural gas cost: $4.13/MMBtu

Cost Effectiveness: The default cost effectiveness value is $1,290 per ton NOx reduced from both

uncontrolled and RACT baselines (1990$).

Comments:
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Status: Demonstrated Last Reviewed: 2001

Additional Information:

Water is injected into the gas turbine, reducing the temperatures in the NOx-forming regions. The
water can be injected into the fuel, the combustion air or directly into the combustion chamber (ERG,
2000).

References:

EPA, 1993: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions from
Stationary Gas Turbines," EPA,-453/R-93-007, Research Triangle Park, NC, January 1993.

ERG, 2000: Eastern Research Group, Inc., "How to Incorporate the Effects of Air Pollution Control
Device Efficiencies and Malfunctions into Emission Inventory Estimates," prepared for Emission
Inventory Improvement Program, Point Sources Committee, July 2000.

Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of Air
Quality Planning and Standards, Innovative Strategies and Economics Group, Research Triangle
Park, NC, September 1998.

Pechan, 2001: E.H. Pechan & Associates, Inc., "Revisions to AirControINET, and Particulate Matter

Control Strategies and Cost Analysis," Revised Report, prepared for U.S. Environmental Protection
Agency, Innovative Strategies and Economics Group, Research Triangle Park, September 2001.
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Source Category: Combustion Turbines - Jet Fuel - Small Sources

Control Measure Name: Selective Catalytic Reduction (SCR) + Water Injection

Rule Name: Not Applicable

Pechan Measure Code: N0502S, N05002 POD: 50
Application:

This control is the selective catalytic reduction of NOx through add-on controls in
combination with water injection. SCR controls are post-combustion control
technologies based on the chemical reduction of nitrogen oxides (NOXx) into molecular
nitrogen (N2) and water vapor (H20). The SCR utilizes a catalyst to increase the NOx
removal efficiency, which allows the process to occur at lower temperatures.

This control applies to small (3.3 MW to 34.4MW) jet fuel-fired turbines with
uncontrolled NOx emissions greater than 10 tons per year.

Affected SCC:
20200901 Kerosene/Naphtha (Jet Fuel), Turbine

Pollutant(s)

PM10 | PM2.5 EC oC NOx VOC S02 NH3 Cco Hg

\/*

V= po.llutant reduction; X = pollutant increase, * = major pollutant

Control Efficiency: 90% from uncontrolled

Equipment Life: 15 years
Rule Effectiveness: 100%

Penetration:

100%

Cost Basis:

Sources are distinguished by the following (Pechan, 1998).
Small source = 3.3 MW to 34.4 MW

The basis of the costs are model plant data contained in the Alternative Control
Techniques (ACT) document (EPA, 1993). Capital and annual cost information was
obtained from control-specific cost data based on tons of glass produced. O&M
costs were back calculated from annual costs. From these determinations, default
cost per ton values were assigned along with a capital to annual cost ratio of 2.8
(Pechan, 1998). A discount rate of 10 percent and a capacity factor of 65 percent are
assumed, along with an equipment lifetime of 15 years (EPA, 1993).

In general, the incremental default cost is used for sources where there are existing
controls (RACT baseline), with efficiencies less than or equal to 70% (Pechan, 2001).

O&M Cost Components: The O&M cost breakdown is estimated using the
information for an example small turbine in Table 6-9 of the ACT document for
stationary gas turbines. The model plant is a 26.8 megawatt MS5001P turbine.
Continuous operation 8,000 hours per year is used to estimate operating costs.

Electricity cost: 0.06 $/kW-hr
Natural gas cost: $4.13/MMBtu
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Cost Effectiveness: The default cost effectiveness value is $2,30 per ton NOx reduced from both
uncontrolled and RACT baselines (19909$).

Comments:

Status: Demonstrated Last Reviewed: 2001

Additional Information:

Selective Catalytic Reduction (SCR) has been widely applied to stationary source, fossil fuel-fired,
combustion units for emission control since the early 1970s. SCR is typically implemented on units
requiring a higher level of NOx control than achievable by SNCR or other combustion controls (EPA,
2002).

Like SNCR, SCR is based on the chemical reduction of the NOx molecule. The primary difference
between SNCR and SCR is that SCR uses a metal-based catalyst to increase the rate of reaction
(EPA, 2002). A nitrogen based reducing reagent, such as ammonia or urea, is injected into the flue
gas. The reagent reacts selectively with the flue gas NOx within a specific temperature range and in
the presence of the catalyst and oxygen to reduce the NOx.

The use of a catalyst results in two advantages of the SCR process over SNCR, the higher NOx
reduction efficiency and the lower and broader temperature ranges. However, the decrease in
reaction temperature and increase in efficiency is accompanied by a significant increase in capital
and operating costs (EPA, 2002). The cost increase is due to the large amount of catalyst required.

The SCR system can utilize either aqueous or anhydrous ammonia as the reagent. Anhydrous
ammonia is a gas at atmospheric pressure and normal temperatures. There are safety issues with
the use of anhydrous ammonia, as it must be transported and stored under pressure (EPA, 2002).
Aqueous ammonia is generally transported and stored at a concentration of 29.4% ammonia in
water.

Today, catalyst formulations include single component, multi-component, or active phase with a
support structure. Most catalyst formulations contain additional compounds or sup-ports, providing
thermal and structural stability or to increase surface area (EPA, 2002).

The rate of reaction determines the amount of NOx removed from the flue gas. The important
design and operational factors that affect the rate of reduction include: reaction temperature range;
residence time available in the optimum temperature range; degree of mixing between the injected
reagent and the combustion gases; uncontrolled NOx concentration level; molar ratio of injected
reagent to uncontrolled NOx; ammonia slip; catalyst activity; catalyst selectivity; pressure drop
across the catalyst; catalyst pitch; catalyst deactivation; and catalyst management (EPA, 2001).

References:

EPA, 1993: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions from
Stationary Gas Turbines," EPA,-453/R-93-007, Research Triangle Park, NC, January 1993.

EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and Standards,
"EPA Air Pollution Control Cost Manual," 6th ed., EPA/452/B-02-001, Research Triangle Park, NC,
January 2002.

Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of Air
Quality Planning and Standards, Innovative Strategies and Economics Group, Research Triangle
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Park, NC, September 1998.
Pechan, 2001: E.H. Pechan & Associates, Inc., "Revisions to AirControINET, and Particulate Matter

Control Strategies and Cost Analysis," Revised Report, prepared for U.S. Environmental Protection
Agency, Innovative Strategies and Economics Group, Research Triangle Park, September 2001.
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Source Category: Combustion Turbines - Natural Gas - Large Sources

Control Measure Name: Dry Low NOx Combustors
Rule Name: Not Applicable

Pechan Measure Code: N0243L, N02403 POD: 24

Application: This control is the use of low NOx burner (LNB) technology to reduce NOx emissions.
LNBs reduce the amount of NOx created from reaction between fuel nitrogen and
oxygen by lowering the temperature of one combustion zone and reducing the amount
of oxygen available in another.

This control applies to large (83.3 MW to 161 MW) natural gas fired turbines with
uncontrolled NOx emissions greater than 10 tons per year.

Affected SCC:

20200201 Natural Gas, Turbine
20200203 Natural Gas, Turbine: Cogeneration
20300202 Natural Gas, Turbine
20300203 Natural Gas, Turbine: Cogeneration

PM10 | PM2.5 EC oC NOx VOC S02 NH3 Cco Hg

Pollutant(s)
\/*

\ = pollutant reduction; X = pollutant increase, * = major pollutant
Control Efficiency: 84% from uncontrolled
Equipment Life: 15 years
Rule Effectiveness: 100%
Penetration: 100%

Cost Basis:  Sources are distinguished by the following (Pechan, 1998).
Large source = greater than 83.3 MW and less than 161 MW
Where information was available in the Alternative Control Techniques (ACT)
document (EPA, 1993), capacity-based equations are used to calculate costs. A
discount rate of 10 percent and a capacity factor of 65 percent are assumed, along
with an equipment life of 15 years (EPA, 1993).

In general, the incremental default cost is used for sources where there are existing
controls (RACT baseline), with efficiencies less than or equal to 76% (Pechan, 2001).

The following equations, based primarily on information in the Air Pollution Cost
Manual (EPA, 2002), are used for large NOx sources as defined above:

From Uncontrolled:

Capital Cost = 71,281.1 * Capacity (MMBtu/hr)*0.505
Annual Cost = 7,826.3 * Capacity (MMBtu/hr)*0.505

From RACT Baseline:
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Capital Cost = 71,281.1 * Capacity (MMBtu/hr)*0.505
Annual Cost = 7,826.3 * Capacity (MMBtu/hr)*0.505

Note: All costs are in 1990 dollars.

O&M Cost Components: There are no O&M costs associated with dry low NOx
combustors.

Cost Effectiveness: When capacity is available and within the applicable range of 0 to 2,000
MMBTU/hr the cost equations are used to calculate cost effectiveness. The
default cost effectiveness value, used when capacity information is not
available, is $100 per ton NOx reduced from uncontrolled and $140 per ton
NOx reduced from RACT (19909%).

Comments:

Status: Demonstrated Last Reviewed: 2001

Additional Information:

LNBs are designed to "stage" combustion so that two combustion zones are created, one fuel-rich
combustion and one at a lower temperature. Staging techniques are usually used by LNB to supply
excess air to cool the combustion process or to reduce available oxygen in the flame zone. Staged-
air LNBs create a fuel-rich reducing primary combustion zone and a fuel-lean secondary combustion
zone. Staged-fuel LNBs create a lean combustion zone that is relatively cool due to the presence of
excess air, which acts as a heat sink to lower combustion temperatures (EPA, 2002).

References:

EPA, 1993: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions from
Stationary Gas Turbines," EPA,-453/R-93-007, Research Triangle Park, NC, January 1993.

EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and Standards,
"EPA Air Pollution Control Cost Manual," 6th ed., EPA/452/B-02-001, Research Triangle Park, NC,
January 2002.

Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of Air
Quality Planning and Standards, Innovative Strategies and Economics Group, Research Triangle
Park, September 1998.

Pechan, 2001: E.H. Pechan & Associates, Inc., "Revisions to AirControINET, and Particulate Matter

Control Strategies and Cost Analysis," Revised Report, prepared for U.S. Environmental Protection
Agency, Innovative Strategies and Economics Group, Research Triangle Park, September 2001.
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Source Category: Combustion Turbines - Natural Gas - Small Sources

Control Measure Name: Water Injection
Rule Name: Not Applicable

Pechan Measure Code: N0241S, N02401 POD: 24
Application: This control is the use of water injection to reduce NOx emissions.

This control applies to small (3.3 MW to 34.4MW) natural gas-fired gas turbines with
uncontrolled NOx emissions greater than 10 tons per year.

Affected SCC:

20200201 Natural Gas, Turbine
20200203 Natural Gas, Turbine: Cogeneration
20300202 Natural Gas, Turbine
20300203 Natural Gas, Turbine: Cogeneration

PM10 | PM2.5 EC oC NOx VOC S02 NH3 co Hg

Pollutant(s)
\/*

\ = pollutant reduction; X = pollutant increase, * = major pollutant
Control Efficiency: 76% from uncontrolled
Equipment Life: 15 years
Rule Effectiveness: 100%
Penetration: 100%

Cost Basis:  Sources are distinguished by the following (Pechan, 1998).
Small source = 3.3 MW to 34.4 MW

The basis of the costs are model plant data contained in the Alternative Control
Techniques (ACT) document (EPA, 1993). Capital and annual cost information was
obtained from control-specific cost data based on tons of glass produced. O&M
costs were back calculated from annual costs. From these determinations, default
cost per ton values were assigned along with a capital to annual cost ratio of 3.
(Pechan, 1998). A discount rate of 10 percent and a capacity factor of 65 percent are
assumed, along with an equipment lifetime of 15 years (EPA, 1993).

In general, the incremental default cost is used for sources where there are existing
controls (RACT baseline), with efficiencies less than or equal to 76% (Pechan, 2001).

O&M Cost Components: The O&M cost breakdown is estimated using the
information for an example small turbine in Table 6-5 of the ACT document for
stationary gas turbines. The model plant is a 26.8 megawatt MS5001P turbine.
Continuous operation 8,000 hours per year is used to estimate operating costs.

Electricity cost: 0.06 $/kW-hr
Natural gas cost: $4.13/MMBtu

Cost Effectiveness: The default cost effectiveness value is $1,510 per ton NOx reduced from both
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uncontrolled and RACT baselines (19909).

Comments:

Status: Demonstrated Last Reviewed: 2001

Additional Information:

Water is injected into the gas turbine, reducing the temperatures in the NOx-forming regions. The
water can be injected into the fuel, the combustion air or directly into the combustion chamber (ERG,
2000).
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Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of Air
Quality Planning and Standards, Innovative Strategies and Economics Group, Research Triangle
Park, NC, September 1998.

Pechan, 2001: E.H. Pechan & Associates, Inc., "Revisions to AirControINET, and Particulate Matter

Control Strategies and Cost Analysis," Revised Report, prepared for U.S. Environmental Protection
Agency, Innovative Strategies and Economics Group, Research Triangle Park, September 2001.
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Source Category: Combustion Turbines - Natural Gas - Small Sources

Control Measure Name: Steam Injection
Rule Name: Not Applicable

Pechan Measure Code: N0242S, N02402 POD: 24
Application: This control is the use of steam injection to reduce NOx emissions.

This control applies to small (3.3 MW to 34.4MW) natural gas-fired gas turbines with
uncontrolled NOx emissions greater than 10 tons per year.

Affected SCC:

20200201 Natural Gas, Turbine
20200203 Natural Gas, Turbine: Cogeneration
20300202 Natural Gas, Turbine
20300203 Natural Gas, Turbine: Cogeneration

PM10 | PM2.5 EC oC NOx VOC S02 NH3 co Hg

Pollutant(s)
\/*

\ = pollutant reduction; X = pollutant increase, * = major pollutant
Control Efficiency: 80% from uncontrolled
Equipment Life: 15 years
Rule Effectiveness: 100%
Penetration: 100%

Cost Basis:  Sources are distinguished by the following (Pechan, 1998).
Small source = 3.3 MW to 34.4 MW

The basis of the costs are model plant data contained in the Alternative Control
Techniques (ACT) document (EPA, 1993). Capital and annual cost information was
obtained from control-specific cost data based on tons of glass produced. O&M
costs were back calculated from annual costs. From these determinations, default
cost per ton values were assigned along with a capital to annual cost ratio of 3.7
(Pechan, 1998). A discount rate of 10 percent and a capacity factor of 65 percent are
assumed, along with an equipment lifetime of 15 years (EPA, 1993).

In general, the incremental default cost is used for sources where there are existing
controls (RACT baseline), with efficiencies less than or equal to 76% (Pechan, 2001).

O&M Cost Components: The O&M cost breakdown is estimated using the
information for an example small turbine in Table 6-5 of the ACT document for
stationary gas turbines. The model plant is a 26.8 megawatt MS5001P turbine.
Continuous operation 8,000 hours per year is used to estimate operating costs.

Electricity cost: 0.06 $/kW-hr
Natural gas cost: $4.13/MMBtu

Cost Effectiveness: The default cost effectiveness value is $1,040 per ton NOx reduced from both
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uncontrolled and RACT baselines (19909).

Comments:

Status: Demonstrated Last Reviewed: 2001

Additional Information:

Steam is injected into the gas turbine, reducing the temperatures in the NOx-forming regions. The
steam can be injected into the fuel, the combustion air or directly into the combustion chamber
(ERG, 2000).

References:

EPA, 1993: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions from
Stationary Gas Turbines," EPA,-453/R-93-007, Research Triangle Park, NC, January 1993.

ERG, 2000: Eastern Research Group, Inc., "How to Incorporate the Effects of Air Pollution Control
Device Efficiencies and Malfunctions into Emission Inventory Estimates," prepared for Emission
Inventory Improvement Program, Point Sources Committee, July 2000.

Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of Air
Quality Planning and Standards, Innovative Strategies and Economics Group, Research Triangle
Park, NC, September 1998.

Pechan, 2001: E.H. Pechan & Associates, Inc., "Revisions to AirControINET, and Particulate Matter

Control Strategies and Cost Analysis," Revised Report, prepared for U.S. Environmental Protection
Agency, Innovative Strategies and Economics Group, Research Triangle Park, September 2001.
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Source Category: Combustion Turbines - Natural Gas - Small Sources

Control Measure Name: Dry Low NOx Combustors
Rule Name: Not Applicable

Pechan Measure Code: N0243S POD: 24

Application: This control is the use of low NOx burner (LNB) technology to reduce NOx emissions.
LNBs reduce the amount of NOx created from reaction between fuel nitrogen and
oxygen by lowering the temperature of one combustion zone and reducing the amount
of oxygen available in another.

This control applies to small (3.3 MW to 34.4 MW) natural gas fired turbines with
uncontrolled NOx emissions greater than 10 tons per year.

Affected SCC:

20200201 Natural Gas, Turbine
20200203 Natural Gas, Turbine: Cogeneration
20300202 Natural Gas, Turbine
20300203 Natural Gas, Turbine: Cogeneration

PM10 | PM2.5 EC oC NOx VOC S02 NH3 Cco Hg

Pollutant(s)
\/*

\ = pollutant reduction; X = pollutant increase, * = major pollutant
Control Efficiency: 84% from uncontrolled
Equipment Life: 15 years
Rule Effectiveness: 100%
Penetration: 100%

Cost Basis:  Sources are distinguished by the following (Pechan, 1998).
Small source = 3.3 MW to 34.4 MW

Costs for stationary source NOx control are based on an analysis of EPA's NOx State
Implementation Plan (SIP) Call (Pechan, 1998). Capital and annual cost information
was obtained from the Alternative Control Techniques Document (EPA, 1993). From
this analysis, default cost per ton values are assigned along with a capital to annual
costs ratio of 9.1. A discount rate of 10 percent and a capacity factor of 65 percent
are assumed, along with an equipment life of 15 years (EPA, 1993).

In general, the incremental default cost is used for sources where there are existing
controls (RACT baseline), with efficiencies less than or equal to 76% (Pechan, 2001).

O&M Cost Components: There are no O&M costs associated with dry low NOx
combustors.

Cost Effectiveness: The default cost effectiveness values are $490 per ton NOx reduced from
uncontrolled and $540 per ton NOx reduced from RACT (19908%).

Comments:
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Status: Demonstrated Last Reviewed: 2001

Additional Information:

LNBs are designed to "stage" combustion so that two combustion zones are created, one fuel-rich
combustion and one at a lower temperature. Staging techniques are usually used by LNB to supply
excess air to cool the combustion process or to reduce available oxygen in the flame zone. Staged-
air LNBs create a fuel-rich reducing primary combustion zone and a fuel-lean secondary combustion
zone. Staged-fuel LNBs create a lean combustion zone that is relatively cool due to the presence of
excess air, which acts as a heat sink to lower combustion temperatures (EPA, 2002).

References:

EPA, 1993: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions from
Stationary Gas Turbines," EPA,-453/R-93-007, Research Triangle Park, NC, January 1993.

EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and Standards,
"EPA Air Pollution Control Cost Manual," 6th ed., EPA/452/B-02-001, Research Triangle Park, NC,
January 2002.

Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of Air
Quality Planning and Standards, Innovative Strategies and Economics Group, Research Triangle
Park, September 1998.

Pechan, 2001: E.H. Pechan & Associates, Inc., "Revisions to AirControINET, and Particulate Matter

Control Strategies and Cost Analysis," Revised Report, prepared for U.S. Environmental Protection
Agency, Innovative Strategies and Economics Group, Research Triangle Park, September 2001.
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Source Category: Combustion Turbines - Natural Gas - Small Sources

Control Measure Name: Selective Catalytic Reduction (SCR) + Low NOx Burner (LNB)
Rule Name: Not Applicable

Pechan Measure Code: N0244S, N02404 POD: 24

Application: This control is the selective catalytic reduction of NOx through add-on controls. SCR
controls are post-combustion control technologies based on the chemical reduction of
nitrogen oxides (NOx) into molecular nitrogen (N2) and water vapor (H20). The SCR
utilizes a catalyst to increase the NOx removal efficiency, which allows the process to
occur at lower temperatures.

This control applies to small (<1 ton NOx per OSD) natural gas fired turbines with NOx
emissions greater than 10 tons per year.

Affected SCC:

20200201 Natural Gas, Turbine
20200203 Natural Gas, Turbine: Cogeneration
20300202 Natural Gas, Turbine
20300203 Natural Gas, Turbine: Cogeneration

PM10 | PM2.5 EC ocC NOx voC S02 NH3 co Hg

Pollutant(s
(s) - ”

V= po.IIutant reduction; X = pollutant increase, * = major pollutant
Control Efficiency: 94% from uncontrolled
Equipment Life: 15 years
Rule Effectiveness: 100%
Penetration: 100%

Cost Basis:  Sources are distinguished by NOx emission levels (Pechan, 1998).
Small source = emission levels less than 1 ton per ozone season day

Costs for stationary source NOx control are based on an analysis of EPA's NOx State
Implementation Plan (SIP) Call (Pechan, 1998). From this analysis, default cost per
ton values are assigned. A discount rate of 7 percent and a capacity factor of 65
percent are assumed, along with an equipment life of 15 years (EPA, 1993).

In general, the incremental default cost is used for sources where there are existing
controls (RACT baseline), with efficiencies less than or equal to 76% (Pechan, 2001).

O&M Cost Components: The O&M cost breakdown is estimated using the

information for an example small turbine in Table 6-10 of the ACT document for
stationary gas turbines. The model plant is a 26.8 megawatt MS5001P turbine.
Continuous operation 8,000 hours per year is used to estimate operating costs.

Electricity cost: 0.06 $/kW-hr
Natural gas cost: $4.13/MMBtu
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Cost Effectiveness: The cost effectiveness values used in AirControINET are $2,570 per ton NOx
reduced from uncontrolled and $19,120 per ton NOx reduced from RACT
baseline (19909%).

Comments:

Status: Demonstrated Last Reviewed: 2001

Additional Information:

Selective Catalytic Reduction (SCR) has been widely applied to stationary source, fossil fuel-fired,
combustion units for emission control since the early 1970s. SCR is typically implemented on units
requiring a higher level of NOx control than achievable by SNCR or other combustion controls (EPA,
2002).

Like SNCR, SCR is based on the chemical reduction of the NOx molecule. The primary difference
between SNCR and SCR is that SCR uses a metal-based catalyst to increase the rate of reaction
(EPA, 2002). A nitrogen based reducing reagent, such as ammonia or urea, is injected into the flue
gas. The reagent reacts selectively with the flue gas NOx within a specific temperature range and in
the presence of the catalyst and oxygen to reduce the NOx.

The use of a catalyst results in two advantages of the SCR process over SNCR, the higher NOx
reduction efficiency and the lower and broader temperature ranges. However, the decrease in
reaction temperature and increase in efficiency is accompanied by a significant increase in capital
and operating costs (EPA, 2002). The cost increase is due to the large amount of catalyst required.

The SCR system can utilize either aqueous or anhydrous ammonia as the reagent. Anhydrous
ammonia is a gas at atmospheric pressure and normal temperatures. There are safety issues with
the use of anhydrous ammonia, as it must be transported and stored under pressure (EPA, 2002).
Aqueous ammonia is generally transported and stored at a concentration of 29.4% ammonia in
water.

Today, catalyst formulations include single component, multi-component, or active phase with a
support structure. Most catalyst formulations contain additional compounds or sup-ports, providing
thermal and structural stability or to increase surface area (EPA, 2002).

The rate of reaction determines the amount of NOx removed from the flue gas. The important
design and operational factors that affect the rate of reduction include: reaction temperature range;
residence time available in the optimum temperature range; degree of mixing between the injected
reagent and the combustion gases; uncontrolled NOx concentration level; molar ratio of injected
reagent to uncontrolled NOx; ammonia slip; catalyst activity; catalyst selectivity; pressure drop
across the catalyst; catalyst pitch; catalyst deactivation; and catalyst management (EPA, 2001).

References:

EPA, 1993: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions from
Stationary Gas Turbines," EPA,-453/R-93-007, Research Triangle Park, NC, January 1993.

EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and Standards,
"EPA Air Pollution Control Cost Manual," 6th ed., EPA/452/B-02-001, Research Triangle Park, NC,
January 2002.

Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of Air
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Quality Planning and Standards, Innovative Strategies and Economics Group, Research Triangle
Park, September 1998.

Pechan, 2001: E.H. Pechan & Associates, Inc., "Revisions to AirControINET, and Particulate Matter

Control Strategies and Cost Analysis," Revised Report, prepared for U.S. Environmental Protection
Agency, Innovative Strategies and Economics Group, Research Triangle Park, September 2001.
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Source Category: Combustion Turbines - Natural Gas - Small Sources

Control Measure Name: Selective Catalytic Reduction (SCR) + Steam Injection
Rule Name: Not Applicable

Pechan Measure Code: N0245S, N02405 POD: 24

Application: This control is the selective catalytic reduction of NOx through add-on controls. SCR
controls are post-combustion control technologies based on the chemical reduction of
nitrogen oxides (NOx) into molecular nitrogen (N2) and water vapor (H20). The SCR
utilizes a catalyst to increase the NOx removal efficiency, which allows the process to
occur at lower temperatures.

This control applies to small (<1 ton NOx per OSD) natural gas fired turbines with NOx
emissions greater than 10 tons per year.

Affected SCC:

20200201 Natural Gas, Turbine
20200203 Natural Gas, Turbine: Cogeneration
20300202 Natural Gas, Turbine
20300203 Natural Gas, Turbine: Cogeneration

PM10 | PM2.5 EC ocC NOx voC S02 NH3 co Hg

Pollutant(s
(s) - ”

V= po.IIutant reduction; X = pollutant increase, * = major pollutant
Control Efficiency: 95% from uncontrolled
Equipment Life: 15 years
Rule Effectiveness: 100%
Penetration: 100%

Cost Basis:  Sources are distinguished by NOx emission levels (Pechan, 1998).
Small source = emission levels less than 1 ton per ozone season day

Costs for stationary source NOx control are based on an analysis of EPA's NOx State
Implementation Plan (SIP) Call (Pechan, 1998). From this analysis, default cost per
ton values are assigned. A discount rate of 7 percent and a capacity factor of 65
percent are assumed, along with an equipment life of 15 years (EPA, 1993).

In general, the incremental default cost is used for sources where there are existing
controls (RACT baseline), with efficiencies less than or equal to 76% (Pechan, 2001).

O&M Cost Components: The O&M cost breakdown is estimated using the
information for an example small turbine in Table 6-9 of the ACT document for
stationary gas turbines. The model plant is a 26.8 megawatt MS5001P turbine.
Continuous operation 8,000 hours per year is used to estimate operating costs.

Electricity cost: 0.06 $/kW-hr
Natural gas cost: $4.13/MMBtu
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Cost Effectiveness: The cost effectiveness values used in AirControINET are $2,010 per ton NOx
reduced from uncontrolled and $8,960 per ton NOx reduced from RACT
baseline (19909%).

Comments:

Status: Demonstrated Last Reviewed: 2001

Additional Information:

Selective Catalytic Reduction (SCR) has been widely applied to stationary source, fossil fuel-fired,
combustion units for emission control since the early 1970s. SCR is typically implemented on units
requiring a higher level of NOx control than achievable by SNCR or other combustion controls (EPA,
2002).

Like SNCR, SCR is based on the chemical reduction of the NOx molecule. The primary difference
between SNCR and SCR is that SCR uses a metal-based catalyst to increase the rate of reaction
(EPA, 2002). A nitrogen based reducing reagent, such as ammonia or urea, is injected into the flue
gas. The reagent reacts selectively with the flue gas NOx within a specific temperature range and in
the presence of the catalyst and oxygen to reduce the NOx.

The use of a catalyst results in two advantages of the SCR process over SNCR, the higher NOx
reduction efficiency and the lower and broader temperature ranges. However, the decrease in
reaction temperature and increase in efficiency is accompanied by a significant increase in capital
and operating costs (EPA, 2002). The cost increase is due to the large amount of catalyst required.

The SCR system can utilize either aqueous or anhydrous ammonia as the reagent. Anhydrous
ammonia is a gas at atmospheric pressure and normal temperatures. There are safety issues with
the use of anhydrous ammonia, as it must be transported and stored under pressure (EPA, 2002).
Aqueous ammonia is generally transported and stored at a concentration of 29.4% ammonia in
water.

Today, catalyst formulations include single component, multi-component, or active phase with a
support structure. Most catalyst formulations contain additional compounds or sup-ports, providing
thermal and structural stability or to increase surface area (EPA, 2002).

The rate of reaction determines the amount of NOx removed from the flue gas. The important
design and operational factors that affect the rate of reduction include: reaction temperature range;
residence time available in the optimum temperature range; degree of mixing between the injected
reagent and the combustion gases; uncontrolled NOx concentration level; molar ratio of injected
reagent to uncontrolled NOx; ammonia slip; catalyst activity; catalyst selectivity; pressure drop
across the catalyst; catalyst pitch; catalyst deactivation; and catalyst management (EPA, 2001).

References:

EPA, 1993: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions from
Stationary Gas Turbines," EPA,-453/R-93-007, Research Triangle Park, NC, January 1993.

EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and Standards,
"EPA Air Pollution Control Cost Manual," 6th ed., EPA/452/B-02-001, Research Triangle Park, NC,
January 2002.

Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of Air

Document No. 05.09.009/9010.463 111-79 Report



AT-A-GLANCE TABLE FOR POINT SOURCES

Quality Planning and Standards, Innovative Strategies and Economics Group, Research Triangle
Park, September 1998.

Pechan, 2001: E.H. Pechan & Associates, Inc., "Revisions to AirControINET, and Particulate Matter

Control Strategies and Cost Analysis," Revised Report, prepared for U.S. Environmental Protection
Agency, Innovative Strategies and Economics Group, Research Triangle Park, September 2001.
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Source Category: Combustion Turbines - Natural Gas - Small Sources

Control Measure Name: Selective Catalytic Reduction (SCR) + Water Injection
Rule Name: Not Applicable

Pechan Measure Code: N0246S, N02406 POD: 24

Application: This control is the selective catalytic reduction of NOx through add-on controls in
combination with water injection. SCR controls are post-combustion control
technologies based on the chemical reduction of nitrogen oxides (NOXx) into molecular
nitrogen (N2) and water vapor (H20). The SCR utilizes a catalyst to increase the NOx
removal efficiency, which allows the process to occur at lower temperatures.

This control applies to small (3.3 MW to 34.4MW) natural gas-fired gas turbines with
uncontrolled NOx emissions greater than 10 tons per year.

Affected SCC:

20200201 Natural Gas, Turbine
20200203 Natural Gas, Turbine: Cogeneration
20300202 Natural Gas, Turbine
20300203 Natural Gas, Turbine: Cogeneration

PM10 | PM2.5 EC ocC NOx voC S02 NH3 co Hg

Pollutant(s)

\/*

V= po.IIutant reduction; X = pollutant increase, * = major pollutant
Control Efficiency: 95% from uncontrolled
Equipment Life: 15 years
Rule Effectiveness: 100%
Penetration: 100%

Cost Basis:  Sources are distinguished by the following (Pechan, 1998).
Small source = 3.3 MW to 34.4 MW

The basis of the costs are model plant data contained in the Alternative Control
Techniques (ACT) document (EPA, 1993). Capital and annual cost information was
obtained from control-specific cost data based on tons of glass produced. O&M
costs were back calculated from annual costs. From these determinations, default
cost per ton values were assigned along with a capital to annual cost ratio of 2.8
(Pechan, 1998). A discount rate of 7 percent and a capacity factor of 65 percent are
assumed, along with an equipment lifetime of 15 years (EPA, 1993).

In general, the incremental default cost is used for sources where there are existing
controls (RACT baseline), with efficiencies less than or equal to 76% (Pechan, 2001).

O&M Cost Components: The O&M cost breakdown is estimated using the
information for an example small turbine in Table 6-9 of the ACT document for
stationary gas turbines. The model plant is a 26.8 megawatt MS5001P turbine.
Continuous operation 8,000 hours per year is used to estimate operating costs.
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Electricity cost: 0.06 $/kW-hr
Natural gas cost: $4.13/MMBtu

Cost Effectiveness: The default cost effectiveness value is $2,730 per ton NOx reduced from both
uncontrolled and RACT baselines (19909).

Comments:

Status: Demonstrated Last Reviewed: 2001

Additional Information:

Selective Catalytic Reduction (SCR) has been widely applied to stationary source, fossil fuel-fired,
combustion units for emission control since the early 1970s. SCR is typically implemented on units
requiring a higher level of NOx control than achievable by SNCR or other combustion controls (EPA,
2002).

Like SNCR, SCR is based on the chemical reduction of the NOx molecule. The primary difference
between SNCR and SCR is that SCR uses a metal-based catalyst to increase the rate of reaction
(EPA, 2002). A nitrogen based reducing reagent, such as ammonia or urea, is injected into the flue
gas. The reagent reacts selectively with the flue gas NOx within a specific temperature range and in
the presence of the catalyst and oxygen to reduce the NOx.

The use of a catalyst results in two advantages of the SCR process over SNCR, the higher NOx
reduction efficiency and the lower and broader temperature ranges. However, the decrease in
reaction temperature and increase in efficiency is accompanied by a significant increase in capital
and operating costs (EPA, 2002). The cost increase is due to the large amount of catalyst required.

The SCR system can utilize either aqueous or anhydrous ammonia as the reagent. Anhydrous
ammonia is a gas at atmospheric pressure and normal temperatures. There are safety issues with
the use of anhydrous ammonia, as it must be transported and stored under pressure (EPA, 2002).
Aqueous ammonia is generally transported and stored at a concentration of 29.4% ammonia in
water.

Today, catalyst formulations include single component, multi-component, or active phase with a
support structure. Most catalyst formulations contain additional compounds or sup-ports, providing
thermal and structural stability or to increase surface area (EPA, 2002).

The rate of reaction determines the amount of NOx removed from the flue gas. The important
design and operational factors that affect the rate of reduction include: reaction temperature range;
residence time available in the optimum temperature range; degree of mixing between the injected
reagent and the combustion gases; uncontrolled NOx concentration level; molar ratio of injected
reagent to uncontrolled NOx; ammonia slip; catalyst activity; catalyst selectivity; pressure drop
across the catalyst; catalyst pitch; catalyst deactivation; and catalyst management (EPA, 2001).

References:

EPA, 1993: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions from
Stationary Gas Turbines," EPA,-453/R-93-007, Research Triangle Park, NC, January 1993.

EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and Standards,

"EPA Air Pollution Control Cost Manual," 6th ed., EPA/452/B-02-001, Research Triangle Park, NC,
January 2002.
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Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of Air
Quality Planning and Standards, Innovative Strategies and Economics Group, Research Triangle
Park, NC, September 1998.

Pechan, 2001: E.H. Pechan & Associates, Inc., "Revisions to AirControINET, and Particulate Matter

Control Strategies and Cost Analysis," Revised Report, prepared for U.S. Environmental Protection
Agency, Innovative Strategies and Economics Group, Research Triangle Park, September 2001.
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Source Category: Combustion Turbines - Oil - Small Sources

Control Measure Name: Water Injection
Rule Name: Not Applicable

Pechan Measure Code: N0231S, N02301 POD: 23
Application: This control is the use of water injection to reduce NOx emissions.

This control applies to small (3.3 MW to 34.4MW) oil-fired turbines with uncontrolled
NOXx emissions greater than 10 tons per year.

Affected SCC:

20200101 Distillate Oil (Diesel), Turbine
20200103 Distillate Oil (Diesel), Turbine: Cogeneration
20300102 Commercial/lnstitutional, Distillate Oil (Diesel), Turbine

PM10 | PM2.5 EC ocC NOx voC S02 NH3 co Hg

Pollutant(s) "

V= po.IIutant reduction; X = pollutant increase, * = major pollutant
Control Efficiency: 68% from uncontrolled
Equipment Life: 15 years
Rule Effectiveness: 100%
Penetration: 100%

Cost Basis:  Sources are distinguished by the following (Pechan, 1998).
Small source = 3.3 MW to 34.4 MW

The basis of the costs are model plant data contained in the Alternative Control
Techniques (ACT) document (EPA, 1993). Capital and annual cost information was
obtained from control-specific cost data based on tons of glass produced. O&M
costs were back calculated from annual costs. From these determinations, default
cost per ton values were assigned along with a capital to annual cost ratio of 2.9
(Pechan, 1998). A discount rate of 10 percent and a capacity factor of 65 percent are
assumed, along with an equipment lifetime of 15 years (EPA, 1993).

In general, the incremental default cost is used for sources where there are existing
controls (RACT baseline), with efficiencies less than or equal to 70% (Pechan, 2001).

O&M Cost Components: The O&M cost breakdown is estimated using the
information for an example small turbine in Table 6-5 of the ACT document for
stationary gas turbines. The model plant is a 26.8 megawatt MS5001P turbine.
Continuous operation 8,000 hours per year is used to estimate operating costs.

Electricity cost: 0.06 $/kW-hr
Natural gas cost: $4.13/MMBtu

Cost Effectiveness: The default cost effectiveness value is $1,290 per ton NOx reduced from both
uncontrolled and RACT baselines (1990$).
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Comments:

Status: Demonstrated Last Reviewed: 2001

Additional Information:

Water is injected into the gas turbine, reducing the temperatures in the NOx-forming regions. The
water can be injected into the fuel, the combustion air or directly into the combustion chamber (ERG,
2000).

References:

EPA, 1993: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions from
Stationary Gas Turbines," EPA,-453/R-93-007, Research Triangle Park, NC, January 1993.

ERG, 2000: Eastern Research Group, Inc., "How to Incorporate the Effects of Air Pollution Control
Device Efficiencies and Malfunctions into Emission Inventory Estimates," prepared for Emission
Inventory Improvement Program, Point Sources Committee, July 2000.

Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of Air
Quality Planning and Standards, Innovative Strategies and Economics Group, Research Triangle
Park, NC, September 1998.

Pechan, 2001: E.H. Pechan & Associates, Inc., "Revisions to AirControINET, and Particulate Matter

Control Strategies and Cost Analysis," Revised Report, prepared for U.S. Environmental Protection
Agency, Innovative Strategies and Economics Group, Research Triangle Park, September 2001.
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Source Category: Combustion Turbines - Oil - Small Sources

Control Measure Name: Selective Catalytic Reduction (SCR) + Water Injection

Rule Name: Not Applicable

Pechan Measure Code: N0232S, N02302 POD: 23
Application:

This control is the selective catalytic reduction of NOx through add-on controls in
combination with water injection. SCR controls are post-combustion control
technologies based on the chemical reduction of nitrogen oxides (NOXx) into molecular
nitrogen (N2) and water vapor (H20). The SCR utilizes a catalyst to increase the NOx
removal efficiency, which allows the process to occur at lower temperatures.

This control applies to small (3.3 MW to 34.4MW) oil-fired turbines with uncontrolled
NOx emissions greater than 10 tons per year.

Affected SCC:

20200101 Distillate Oil (Diesel), Turbine

20200103 Distillate Oil (Diesel), Turbine: Cogeneration
20300102 Commercial/lnstitutional, Distillate Oil (Diesel), Turbine

Pollutant(s)

PM10 | PM2.5 EC oC NOx VOC S02 NH3 Cco Hg

\/*

V= po.llutant reduction; X = pollutant increase, * = major pollutant

Control Efficiency: 90% from uncontrolled

Equipment Life: 15 years
Rule Effectiveness: 100%

Penetration:

100%

Cost Basis:

Sources are distinguished by the following (Pechan, 1998).
Small source = 3.3 MW to 34.4 MW

The basis of the costs are model plant data contained in the Alternative Control
Techniques (ACT) document (EPA, 1993). Capital and annual cost information was
obtained from control-specific cost data based on tons of glass produced. O&M
costs were back calculated from annual costs. From these determinations, default
cost per ton values were assigned along with a capital to annual cost ratio of 2.9
(Pechan, 1998). A discount rate of 10 percent and a capacity factor of 65 percent are
assumed, along with an equipment lifetime of 15 years (EPA, 1993).

In general, the incremental default cost is used for sources where there are existing
controls (RACT baseline), with efficiencies less than or equal to 70% (Pechan, 2001).

O&M Cost Components: The O&M cost breakdown is estimated using the
information for an example small turbine in Table 6-9 of the ACT document for
stationary gas turbines. The model plant is a 26.8 megawatt MS5001P turbine.
Continuous operation 8,000 hours per year is used to estimate operating costs.

Electricity cost: 0.06 $/kW-hr
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Natural gas cost: $4.13/MMBtu

Cost Effectiveness: The default cost effectiveness value is $2,300 per ton NOx reduced from both
uncontrolled and RACT baselines (1990$).

Comments:

Status: Demonstrated Last Reviewed: 2001

Additional Information:

Selective Catalytic Reduction (SCR) has been widely applied to stationary source, fossil fuel-fired,
combustion units for emission control since the early 1970s. SCR is typically implemented on units
requiring a higher level of NOx control than achievable by SNCR or other combustion controls (EPA,
2002).

Like SNCR, SCR is based on the chemical reduction of the NOx molecule. The primary difference
between SNCR and SCR is that SCR uses a metal-based catalyst to increase the rate of reaction
(EPA, 2002). A nitrogen based reducing reagent, such as ammonia or urea, is injected into the flue
gas. The reagent reacts selectively with the flue gas NOx within a specific temperature range and in
the presence of the catalyst and oxygen to reduce the NOx.

The use of a catalyst results in two advantages of the SCR process over SNCR, the higher NOx
reduction efficiency and the lower and broader temperature ranges. However, the decrease in
reaction temperature and increase in efficiency is accompanied by a significant increase in capital
and operating costs (EPA, 2002). The cost increase is due to the large amount of catalyst required.

The SCR system can utilize either aqueous or anhydrous ammonia as the reagent. Anhydrous
ammonia is a gas at atmospheric pressure and normal temperatures. There are safety issues with
the use of anhydrous ammonia, as it must be transported and stored under pressure (EPA, 2002).
Aqueous ammonia is generally transported and stored at a concentration of 29.4% ammonia in
water.

Today, catalyst formulations include single component, multi-component, or active phase with a
support structure. Most catalyst formulations contain additional compounds or sup-ports, providing
thermal and structural stability or to increase surface area (EPA, 2002).

The rate of reaction determines the amount of NOx removed from the flue gas. The important
design and operational factors that affect the rate of reduction include: reaction temperature range;
residence time available in the optimum temperature range; degree of mixing between the injected
reagent and the combustion gases; uncontrolled NOx concentration level; molar ratio of injected
reagent to uncontrolled NOx; ammonia slip; catalyst activity; catalyst selectivity; pressure drop
across the catalyst; catalyst pitch; catalyst deactivation; and catalyst management (EPA, 2001).

References:

EPA, 1993: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions from
Stationary Gas Turbines," EPA,-453/R-93-007, Research Triangle Park, NC, January 1993.

EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and Standards,
"EPA Air Pollution Control Cost Manual," 6th ed., EPA/452/B-02-001, Research Triangle Park, NC,
January 2002.

Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
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Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of Air
Quality Planning and Standards, Innovative Strategies and Economics Group, Research Triangle
Park, NC, September 1998.

Pechan, 2001: E.H. Pechan & Associates, Inc., "Revisions to AirControINET, and Particulate Matter

Control Strategies and Cost Analysis," Revised Report, prepared for U.S. Environmental Protection
Agency, Innovative Strategies and Economics Group, Research Triangle Park, September 2001.
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Source Category: Commercial/lnstitutional - Natural Gas

Control Measure Name: Water Heater Replacement
Rule Name: Not Applicable

Pechan Measure Code: N10601 POD: 106

Application: This control would replace existing water heaters with new water heaters. New water
heaters would be required to emit less than or equal to 40 ng NOx per Joule heat
output.

This control applies to all natural gas burning water heaters classified under SCC
2103006000.

Affected SCC:
2103006000 Natural Gas, Total: Boilers and IC Engines

PM10 | PM2.5 EC ocC NOx voC S02 NH3 co Hg

Pollutant(s) "

V= po.IIutant reduction; X = pollutant increase, * = major pollutant
Control Efficiency: 7% from uncontrolled
Equipment Life: 13 years
Rule Effectiveness: 100%

Penetration: 23%

Cost Basis:  In 1994, EPA conducted an analysis of the emission reductions and costs for a
Federal Implementation Plan residential water heater rule for the Sacramento,
California ozone nonattainment area (EPA, 1995). This analysis found that a rule
based on an emission limit of 40 nanograms per joule (ng/j) of heat output for natural
gas heaters with a heat input rating less than 75,000 Btu/hr would not result in an
increase in the cost of natural gas water heaters. The cost-effectiveness of NOx
reductions resulting from low-NOx residential water heaters is, therefore, zero dollar-
per-ton of NOx removed. It is assumed that the technology for residential water and
space heaters can be transferred to commercial installation at a similar cost to
achieve the same percentage reduction (Pechan, 1997).

Cost Effectiveness: The cost effectiveness used in AirControINET is $0 per ton NOx reduced
(199089%).

Comments:

Status: Demonstrated Last Reviewed: 1997

Additional Information:

EPA (1995) noted a life expectancy of both conventional and low-NOx units ranging from 10 to 15
years. Thus, rule penetration is based on an average water heater equipment life of 13 years
(Pechan, 1996).
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References:

EPA, 1995: U.S. Environmental Protection Agency, Office of Air Quality Planning and Standards,
"Stationary Source Control Costs for the California Federal Implementation Plans for Attainment of
the Ozone National Ambient Air Quality Standard," Final Draft, February 1995.

Pechan, 1996: E.H. Pechan & Associates, "The Emission Reduction and Cost Analysis Model for
NOx (ECRAM-NOXx)," Revised Documentation, prepared for U.S. Environmental Protection Agency,
Ozone Policy and Strategies Group, Research Triangle Park, NC, September 1996.

Pechan, 1997: E.H. Pechan & Associates, "Additional Control Measure Evaluation for the Integrated

Implementation of the Ozone and Particulate Matter National Ambient Air Quality Standards, and
Regional Haze Program," prepared for U.S. Environmental Protection Agency, July 1997.
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Source Category: Commercial/lnstitutional - Natural Gas

Control Measure Name: Water Heaters + LNB Space Heaters
Rule Name: South Coast and Bay Area AQMD Limits

Pechan Measure Code: N10603 POD: 106

Application: The South Coast and Bay Area AQMDs set emission limits for water heaters and
space heaters. This control is based on the installation of low-NOx space heaters and
water heaters in commercial and institutional sources for the reduction of NOx
emissions.

The control applies to natural gas burning sources classified under SCC 2103006000.

Affected SCC:
2103006000 Natural Gas, Total: Boilers and IC Engines

PM10 | PM2.5 EC ocC NOx voC S02 NH3 co Hg

Pollutant(s) "

V= po.llutant reduction; X = pollutant increase, * = major pollutant
Control Efficiency: 7% from uncontrolled
Equipment Life: 20 years (space heaters)
Rule Effectiveness: 100%
Penetration: 100%

Cost Basis: The 1997 South Coast AQMP estimates a cost savings for new commercial and
residential water heaters meeting a low-NOx standard. The cost savings is based on
capital costs associated with installation of energy efficient equipment existing
demand-side management programs, energy savings, associated emission
reductions, and the prevailing emission credit price (SCAQMD, 1996).

Costs for the space heaters are based on the low-NOx limits established for the
South Coast and Bay Area Air Quality Management Districts for space heaters of
0.009 Ibs NOx per million Btu. The cost effectiveness estimate for the low-NOXx
space heater regulation is $1,600 per ton NOx (STAPPA/ALAPCO, 1994). For this
analysis a 75% reduction in commercial space heater NOx emissions is assumed,
based on a 20-year equipment life (Pechan, 1997).

The water heater savings and LNB space heater costs are combined to achieve an
overall cost effectiveness of $1,230 per ton NOx reduced.

Cost Effectiveness: The cost effectiveness is $1,230 per ton NOx reduced (19908%).

Comments:

Status: Demonstrated Last Reviewed: 1997

Additional Information:
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References:

Pechan, 1997: E.H. Pechan & Associates, Inc., "Additional Control Measure Evaluation for the
Integrated Implementation of the Ozone and Particulate Matter National Ambient Air Quality
Standards, and Regional Haze Program," prepared for U.S. Environmental Protection Agency,
Office of Air Quality Planning and Standards, Research Triangle Park, NC, July 1997.

SCAQMD, 1996: South Coast Air Quality Management District, "1997 Air Quality Management Plan,
Appendix IV-A: Stationary and Mobile Source Control Measures," August 1996.
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Source Category: Commercial/lnstitutional Incinerators

Control Measure Name: Selective Non-Catalytic Reduction (SNCR)
Rule Name: Not Applicable

Pechan Measure Code: NO0591S, N05901 POD: 59

Application: This control is the reduction of NOx emission through selective non-catalytic reduction
add-on controls. SNCR controls are post-combustion control technologies based on
the chemical reduction of nitrogen oxides (NOx) into molecular nitrogen (N2) and water
vapor (H20).

This control applies to commercial/institutional incinerators with uncontrolled NOx
emissions greater than 10 tons per year.

Affected SCC:

50200101 Solid Waste Disposal - Commercial/Institutional, Incineration, Multiple Chamber
50200102 Solid Waste Disposal - Commercial/Institutional, Incineration, Single Chamber
50200103 Solid Waste Disposal - Commercial/Institutional, Incineration, Controlled Air

50200506 Solid Waste Disposal - Commercial/Institutional, Incineration: Special Purpose, Sludge

PM10 | PM2.5 EC oC NOx VOC S02 NH3 co Hg

Pollutant(s)
V* X

\ = pollutant reduction; X = pollutant increase, * = major pollutant
Control Efficiency: 45% from uncontrolled
Equipment Life: 20 years
Rule Effectiveness: 100%
Penetration: 100%

Cost Basis:  Sources are distinguished by NOx emission levels (Pechan, 1998).

Small source = emission levels less than 1 ton per ozone season day
Large source = emission levels greater than 1 ton per ozone season day

Costs for stationary source NOx control are based on an analysis of EPA's NOx State
Implementation Plan (SIP) Call (Pechan, 1998). From this analysis, default cost per
ton values are assigned. A discount rate of 7 percent and a capacity factor of 65
percent are assumed, along with an equipment life of 20 years (EPA, 1994).

In general, the incremental default cost is used for sources where there are existing
controls (RACT baseline), with efficiencies less than 70% (Pechan, 2001).

O&M Cost Components: The O&M cost breakdown is estimated using the
information in Chapter and Appendix A of the MWC ACT document. The cost
outputs for conventional SNCR applied to the 400 ton per day model combustor
(Table 3-3) are used to estimate the O&M cost breakdown. The tipping fee ($1.47
per ton) is included as a waste disposal cost (direct annual cost).

Electricity Cost: 0.046 $/kW-hr
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Cost Effectiveness: The cost effectiveness (for both small and large sources) used in
AirControINET for both reductions from baseline and reductions from RACT is
$1,130 per ton NOx reduced (1990%).

Comments:

Status: Demonstrated Last Reviewed: 2001

Additional Information:

SNCR is the reduction of NOx in flue gas to N2 and water vapor. This reduction is done with a
nitrogen based reducing reagent, such as ammonia or urea. The reagent can react with a number of
flue gas components. However, the NOx reduction reaction is favored for a specific temperature
range and in the presence of oxygen (EPA, 2002).

Both ammonia and urea are used as reagents. The cost of the reagent represents a large part of the
annual costs of an SNCR system. Ammonia is generally less expensive than urea. However, the
choice of reagent is also based on physical properties and operational considerations (EPA, 2002).

Ammonia can be utilized in either aqueous or anhydrous form. Anhydrous ammonia is a gas at
atmospheric pressure and normal temperatures. There are safety issues with the use of anhydrous
ammonia, as it must be transported and stored under pressure (EPA, 2002). Aqueous ammonia is
generally transported and stored at a concentration of 29.4% ammonia in water.

Urea based systems have several advantages, including several safety aspects. Urea is a nontoxic,
less volatile liquid that can be stored and handled more safely than ammonia. Urea solution droplets
can penetrate farther into the flue gas when injected into the boiler, enhancing mixing (EPA, 2002).
Because of these advantages, urea is more commonly used than ammonia in large boiler
applications.

The rate of reaction determines the amount of NOx removed from the flue gas. The important
design and operational factors that affect the rate of reduction include:

Reaction temperature range;

Residence time available in the optimum temperature range;

Degree of mixing between the injected reagent and the combustion gases
Uncontrolled NOx concentration level;

Molar ratio of injected reagent to uncontrolled NOx ; and

Ammonia slip.

References:

EPA, 1994: U.S. Environmental Protection Agency, Radian Corporation, "Alternative Control
Techniques Document-- NOx Emissions from Municipal Waste Combustion," EPA-600/R-94-208,
Research Triangle Park, NC, December 1994.

EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and Standards,
"EPA Air Pollution Control Cost Manual," 6th ed., EPA/452/B-02-001, Research Triangle Park, NC,
January 2002.

Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of Air
Quality Planning and Standards, Innovative Strategies and Economics Group, Research Triangle
Park, September 1998.
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Pechan, 2001: E.H. Pechan & Associates, Inc., "Revisions to AirControINET, and Particulate Matter
Control Strategies and Cost Analysis," Revised Report, prepared for U.S. Environmental Protection
Agency, Innovative Strategies and Economics Group, Research Triangle Park, September 2001.
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Source Category: Conv Coating of Prod; Acid Cleaning Bath - Small Sources

Control Measure Name: Low NOx Burner
Rule Name: Not Applicable

Pechan Measure Code: NO0791S, N07901 POD: 79

Application: This control is the use of low NOx burner (LNB) technology to reduce NOx emissions.
LNBs reduce the amount of NOx created from reaction between fuel nitrogen and
oxygen by lowering the temperature of one combustion zone and reducing the amount
of oxygen available in another.

This control is applicable to small (<1 ton NOx per OSD) acid cleaning bath/conversion
coating processes at metal product fabricating operations with uncontrolled NOx
emissions greater than 10 tons per year.

Affected SCC:
30901102 Fabricated Metal Products, Conversion Coating, Acid Cleaning Bath (Pickling)

PM10 | PM2.5 EC oC NOx VOC S02 NH3 Cco Hg

Pollutant(s)
\/*

\ = pollutant reduction; X = pollutant increase, * = major pollutant
Control Efficiency: 50% from uncontrolled
Equipment Life: 15 years
Rule Effectiveness: 100%
Penetration: 100%

Cost Basis:  Sources are distinguished by NOx emission levels (Pechan, 1998).
Small source = emissions level less than 1 ton per ozone season day

Costs for stationary source NOx control are based on an analysis of EPA's NOx State
Implementation Plan (SIP) Call (Pechan, 1998). Capital and annual cost information
was obtained from the Alternative Control Techniques Document (EPA, 1993). The
data provided for LNB applied to process heaters firing natural gas are assumed to
be representative of the costs and emission reductions for this source. From this
analysis, default cost per ton values are assigned along with a capital to annual costs
ratio of 7.3. A discount rate of 7 percent and a capacity factor of 65 percent are
assumed, along with an equipment life of 15 years (EPA, 1993).

Cost Effectiveness: The cost effectiveness used in AirControINET is $2,200 per ton NOx reduced
from both uncontrolled and RACT (19908%).

Comments:

Status: Demonstrated Last Reviewed: 1998
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Additional Information:
The source of emissions for acid cleaning baths come from heating of the baths.

LNBs are designed to "stage" combustion so that two combustion zones are created, one fuel-rich
combustion and one at a lower temperature. Staging techniques are usually used by LNB to supply
excess air to cool the combustion process or to reduce available oxygen in the flame zone. Staged-
air LNBs create a fuel-rich reducing primary combustion zone and a fuel-lean secondary combustion
zone. Staged-fuel LNBs create a lean combustion zone that is relatively cool due to the presence of
excess air, which acts as a heat sink to lower combustion temperatures (EPA, 2002).

References:

EPA, 1993: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions from
Process Heaters," EPA-453/R-93-034, Research Triangle Park, NC, September, 1993.

EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and Standards,
"EPA Air Pollution Control Cost Manual," 6th ed., EPA/452/B-02-001, Research Triangle Park, NC,
January 2002.

Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of Air
Quality Planning and Standards, Innovative Strategies and Economics Group, Research Triangle
Park, September 1998.
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Source Category: Diesel Locomotives

Control Measure Name: Selective Catalytic Reduction (SCR)
Rule Name: Not Applicable

Pechan Measure Code: N13701 POD: 137

Application: This control is the selective catalytic reduction of Nox through add-on controls. SCR
controls are post-combustion control technologies based on the chemical reduction of
nitrogen oxides (Nox) into molecular nitrogen (N2) and water vapor (H20). The SCR
utilizes a catalyst to increase the Nox removal efficiency, which allows the process to
occur at lower temperatures.

Applies to line and yard diesel locomotive engines

Affected SCC:

2285002006 - Railroad Equipment, Diesel, Line Haul Locomotives: Class | Operations
2285002007 - Railroad Equipment, Diesel, Line Haul Locomotives: Class Il / lll Operations
2285002008 - Railroad Equipment, Diesel, Line Haul Locomotives: Passenger Trains (Amtrak)
2285002009 - Railroad Equipment, Diesel, Line Haul Locomotives: Commuter Lines
2285002010 - Railroad Equipment, Diesel, Yard Locomotives

PM10 | PM2.5 EC ocC NOx voC S02 NH3 co Hg

Pollutant(s) -

V= po.IIutant reduction; X = pollutant increase, * = major pollutant
Control Efficiency: 72% from uncontrolled (CARB, 1995)
Equipment Life: NA
Rule Effectiveness: NA

Penetration: NA

Cost Basis: A 1995 report prepared for the California Resources Board (CARB) contains
information for retrofit emission control techniques available for line-haul, local, and
yard locomotives. These retrofit controls include Selective Catalytic Reduction and
conversion to dual fuel (including liquified natural gas) capability (EFEE, 1995).
Pechan developed ControINET inputs for these controls using the reported emission
reduction percentages and cost-effectiveness values developed for CARB.

Cost Effectiveness: The cost effectiveness is $1,400 per ton of Nox reduction (19959%).

Comments:

Status: Demonstrated Last Reviewed: 2004

Additional Information:

References:

EFEE, 1995. Engine, Fuel, and Emissions Engineering, Inc., "Controlling Locomotive Emissions in
California, Technology, Cost-Effectiveness, and Regulatory Strategy," Final report prepared for the
California Air Resources Board, Sacramento, CA. March 1995.
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Source Category: Fiberglass Manufacture; Textile-Type; Recuperative Furnaces

Control Measure Name: Low NOx Burner
Rule Name: Not Applicable

Pechan Measure Code: NO0763S, N07603 POD: 76

Application: This control is the use of low NOx burner (LNB) technology to reduce NOx emissions.
LNBs reduce the amount of NOx created from reaction between fuel nitrogen and
oxygen by lowering the temperature of one combustion zone and reducing the amount
of oxygen available in another.

This control is applicable to textile-type fiberglass manufacturing operations with
recuperative furnaces and uncontrolled NOx emissions greater than 10 tons per year.

Affected SCC:
30501212 Fiberglass Manufacturing, Recuperative Furnace (Textile-type Fiber)

PM10 | PM2.5 EC ocC NOx voC S02 NH3 co Hg

Pollutant(s)

\/*

v = pollutant reduction; X = pollutant increase, * = major pollutant
Control Efficiency: 40% from uncontrolled
Equipment Life: 3 years
Rule Effectiveness: 100%
Penetration: 100%

Cost Basis:  Costs for stationary source NOx control are based on an analysis of EPA's NOx State
Implementation Plan (SIP) Call (Pechan, 1998). Capital and annual cost information
was obtained from the Alternative Control Techniques Document (EPA, 1994). The
data provided for LNB applied to process heaters firing natural gas are assumed to
be representative of the costs and emission reductions for this source. From this
analysis, default cost per ton values are assigned along with a capital to annual costs
ratio of 2.2. A discount rate of 7 percent and a capacity factor of 65 percent are
assumed, along with an equipment life of 3 years (EPA, 1994).

Cost Effectiveness: The cost effectiveness used in AirControINET is $1,690 per ton NOx reduced
from both uncontrolled and RACT (19909%).

Comments:

Status: Demonstrated Last Reviewed: 1998

Additional Information:
Recuperative furnaces may be gas- or oil-fired.

LNBs are designed to "stage" combustion so that two combustion zones are created, one fuel-rich

combustion and one at a lower temperature. Staging techniques are usually used by LNB to supply
excess air to cool the combustion process or to reduce available oxygen in the flame zone. Staged-
air LNBs create a fuel-rich reducing primary combustion zone and a fuel-lean secondary combustion
zone. Staged-fuel LNBs create a lean combustion zone that is relatively cool due to the presence of
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excess air, which acts as a heat sink to lower combustion temperatures (EPA, 2002).

References:

EPA, 1994: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions from
Glass Manufacturing," EPA,-453/R-94-037, Research Triangle Park, NC, June 1994.

EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and Standards,
"EPA Air Pollution Control Cost Manual," 6th ed., EPA/452/B-02-001, Research Triangle Park, NC,
January 2002.

Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of Air
Quality Planning and Standards, Innovative Strategies and Economics Group, Research Triangle
Park, September 1998.
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Source Category: Fluid Catalytic Cracking Units - Small Sources

Control Measure Name: Low NOx Burner + Flue Gas Recirculation
Rule Name: Not Applicable

Pechan Measure Code: NO0782S, N07802 POD: 78

Application: This control is the use of low NOx burner (LNB) technology and flue gas recirculation
(FGR) to reduce NOx emissions. LNBs reduce the amount of NOx created from
reaction between fuel nitrogen and oxygen by lowering the temperature of one
combustion zone and reducing the amount of oxygen available in another.

This control is applicable to small (<1 ton per OSD) fluid catalytic cracking units with
uncontrolled NOx emissions greater than 10 tons per year.

Affected SCC:
30600201 Petroleum Industry, Catalytic Cracking Units, Fluid Catalytic Cracking Unit

PM10 | PM2.5 EC ocC NOx voC S02 NH3 co Hg

Pollutant(s)

\/*

v = pollutant reduction; X = pollutant increase, * = major pollutant
Control Efficiency: 55% from uncontrolled
Equipment Life: 15 years
Rule Effectiveness: 100%
Penetration: 100%

Cost Basis:  Sources are distinguished by power output (Pechan, 1998).
Small source = less than 1 ton NOx per ozone season day

Costs for stationary source NOx control are based on an analysis of EPA's NOx State
Implementation Plan (SIP) Call (Pechan, 1998). The basis of the costs are model
plant data in the Alternative Control Techniques (ACT) document (EPA, 1993). From
this analysis, default cost per ton values are assigned along with a capital to annual
costs ratio of 6.9. An equipment life of 15 years is assumed (EPA, 1993).

Cost Effectiveness: The default cost effectiveness values are $3,190 per ton NOx reduced from
uncontrolled and $1,430 per ton NOx reduced from RACT (19909).

Comments:

Status: Demonstrated Last Reviewed: 2001

Additional Information:

The source of emissions for fluidized catalytic cracking come from process heaters and catalyst
regenerators.

LNBs are designed to "stage" combustion so that two combustion zones are created, one fuel-rich

combustion and one at a lower temperature. Staging techniques are usually used by LNB to supply
excess air to cool the combustion process or to reduce available oxygen in the flame zone. Staged-

Document No. 05.09.009/9010.463 111-101 Report




AT-A-GLANCE TABLE FOR POINT SOURCES

air LNBs create a fuel-rich reducing primary combustion zone and a fuel-lean secondary combustion
zone. Staged-fuel LNBs create a lean combustion zone that is relatively cool due to the presence of
excess air, which acts as a heat sink to lower combustion temperatures (EPA, 2002).

References:

EPA, 1993: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions from
Process Heaters," EPA-453/R-93-034, Research Triangle Park, NC, September 1993.

EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and Standards,
"EPA Air Pollution Control Cost Manual," 6th ed., EPA/452/B-02-001, Research Triangle Park, NC,
January 2002.

Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of Air
Quality Planning and Standards, Innovative Strategies and Economics Group, Research Triangle
Park, September 1998.
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Source Category: Fuel Fired Equipment - Process Heaters

Control Measure Name: Low Nox Burner + Flue Gas Recirculation

Rule Name: Not Applicable

Pechan Measure Code: N0692S, N06902 POD: 72
Application:

This control is the use of low NOx burner (LNB) technology and flue gas recirculation
(FGR) to reduce NOx emissions. LNBs reduce the amount of NOx created from
reaction between fuel nitrogen and oxygen by lowering the temperature of one
combustion zone and reducing the amount of oxygen available in another.

This control is applicable to small process heaters with uncontrolled NOx emissions
greater than 10 tons per year.

Affected SCC:
30490033 Fuel Fired Equipment, Natural Gas: Furnaces

Pollutant(s)

PM10 | PM2.5 EC ocC NOx voC S02 NH3 co Hg

\/*

V= po-llutant reduction; X = pollutant increase, * = major pollutant

Control Efficiency: 50% from uncontrolled

Equipment Life: 15 years
Rule Effectiveness: 100%

Penetration:

100%

Cost Basis:

Sources are distinguished by power output (Pechan, 1998).
Small source = less than 1 ton NOx per ozone season day

Costs for stationary source NOx control are based on an analysis of EPA's NOx State
Implementation Plan (SIP) Call (Pechan, 1998). The basis of the costs are model
plant data in the Alternative Control Techniques (ACT) document (EPA, 1993). From
this analysis, default cost per ton values are assigned along with a capital to annual
costs ratio of 7.0. A discount rate of 10 percent and a capacity factor of 65 percent
are assumed, along with an equipment life of 15 years (EPA, 1993).

In general, the incremental default cost is used for sources where there are existing
controls (RACT baseline), with efficiencies less than or equal to 50% (Pechan, 2001).

O&M Cost Components: The O&M cost breakdown is estimated using the detailed
information in Table 6-4 and Ch. 6 of the Process Heaters ACT. The breakdown was
obtained using the O&M costs for a mechanical draft process heater fired on distillate
oil and having a capacity of 69 MMBTU per hour. The cost percentage is applied to
heaters fired on LPG via technology transfer (Pechan, 1998). A capacity factor of
0.58 is used in estimating the O&M cost breakdown.

Electricity: $0.06 per kw-hr
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Cost Effectiveness: The default cost effectiveness values are $570 per ton Nox reduced from
uncontrolled.

Comments:

Status: Demonstrated Last Reviewed: 2001

Additional Information:

LNBs are designed to "stage" combustion so that two combustion zones are created, one fuel-rich
combustion and one at a lower temperature. Staging techniques are usually used by LNB to supply
excess air to cool the combustion process or to reduce available oxygen in the flame zone. Staged-
air LNBs create a fuel-rich reducing primary combustion zone and a fuel-lean secondary combustion
zone. Staged-fuel LNBs create a lean combustion zone that is relatively cool due to the presence of
excess air, which acts as a heat sink to lower combustion temperatures (EPA, 2002).

References:

EPA, 1993: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions from
Process Heaters," EPA,-453/R-93-034, Research Triangle Park, NC, September 1993.

EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and Standards,
"EPA Air Pollution Control Cost Manual," 6th ed., EPA/452/B-02-001, Research Triangle Park, NC,
January 2002.

Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of Air
Quality Planning and Standards, Innovative Strategies and Economics Group, Research Triangle
Park, September 1998.

Pechan, 2001: E.H. Pechan & Associates, Inc., "Revisions to AirControINET, and Particulate Matter

Control Strategies and Cost Analysis," Revised Report, prepared for U.S. Environmental Protection
Agency, Innovative Strategies and Economics Group, Research Triangle Park, September 2001.
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Source Category: Fuel Fired Equipment; Furnaces; Natural Gas

Control Measure Name: Low NOx Burner
Rule Name: Not Applicable

Pechan Measure Code: NO721L, NO721S, N07201 POD: 72

Application: This control is the use of low NOx burner (LNB) technology to reduce NOx emissions.
LNBs reduce the amount of NOx created from reaction between fuel nitrogen and
oxygen by lowering the temperature of one combustion zone and reducing the amount
of oxygen available in another.

This control applies to natural gas fired equipment classified under SCC 30490033
with uncontrolled NOx emissions greater than 10 tons per year.

Affected SCC:
30490033 Fuel Fired Equipment, Natural Gas: Furnaces

PM10 | PM2.5 EC ocC NOx voC S02 NH3 co Hg

Pollutant(s)

\/*

v = pollutant reduction; X = pollutant increase, * = major pollutant
Control Efficiency: 50% from uncontrolled
Equipment Life: 10 years
Rule Effectiveness: 100%
Penetration: 100%

Cost Basis:  Costs for stationary source NOx control are based on an analysis of EPA's NOx State
Implementation Plan (SIP) Call (Pechan, 1998). Capital and annual cost information
was obtained from the Alternative Control Techniques Document (EPA, 1993). The
data provided for LNB applied to process heaters firing natural gas are assumed to
be representative of the costs and emission reductions for this source. From this
analysis, default cost per ton values are assigned along with a capital to annual costs
ratio of 7.0. A discount rate of 7 percent and a capacity factor of 65 percent are
assumed, along with an equipment life of 10 years (EPA, 1993

Cost Effectiveness: The cost effectiveness used in AirControINET is $570 per ton NOx reduced
from both uncontrolled and RACT (19909%).

Comments:

Status: Demonstrated Last Reviewed: 1998

Additional Information:

LNBs are designed to "stage" combustion so that two combustion zones are created, one fuel-rich
combustion and one at a lower temperature. Staging techniques are usually used by LNB to supply
excess air to cool the combustion process or to reduce available oxygen in the flame zone. Staged-
air LNBs create a fuel-rich reducing primary combustion zone and a fuel-lean secondary combustion
zone. Staged-fuel LNBs create a lean combustion zone that is relatively cool due to the presence of
excess air, which acts as a heat sink to lower combustion temperatures (EPA, 2002).
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References:

EPA, 1994: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions from
Iron and Steel Mills," EPA-453/R-94-065, Research Triangle Park, NC, September 1994.

EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and Standards,
"EPA Air Pollution Control Cost Manual," 6th ed., EPA/452/B-02-001, Research Triangle Park, NC,
January 2002.

Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of Air
Quality Planning and Standards, Innovative Strategies and Economics Group, Research Triangle
Park, September 1998.
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Source Category: Glass Manufacturing - Containers

Control Measure Name: Electric Boost
Rule Name: Not Applicable
Pechan Measure Code: NO0301S, N03001 POD: 30
Application: This control is the use of electric boost technologies to reduce NOx emissions from
glass manufacturing operations.

This control applies to container glass manufacturing operations classified under SCC
30501402.

Affected SCC:
30501402 Mineral Products, Glass Manufacture, Container Glass: Melting Furnace

PM10 | PM2.5 EC oC NOx VOC S02 NH3 co Hg

Pollutant(s)
\/*

\ = pollutant reduction; X = pollutant increase, * = major pollutant
Control Efficiency: 10% from uncontrolled
Equipment Life: 10 years
Rule Effectiveness: 100%
Penetration: 100%

Cost Basis: The basis of the costs are model plant data contained in the Alternative Control
Techniques (ACT) document (EPA, 1994). Capital, and annual cost information that
was obtained from control-specific cost data based on tons of glass produced. O&M
costs were back calculated from annual costs. From these determinations, default
cost per ton values were assigned along with a capital to annual cost ratio of 4.5. A
discount rate of 10 percent and a capacity factor of 65 percent are assumed, along
with an equipment lifetime of 10 years (EPA, 1994).

Cost Effectiveness: The default cost effectiveness value used in AirControINET is $7,150 per ton
NOx reduced from both uncontrolled and RACT (19909%).

Comments:

Status: Demonstrated Last Reviewed: 2001

Additional Information:

The 250 tons per day plant is assumed to be representative of container glass plants (Pechan,
1998).

References:

EPA, 1994: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions from
Glass Manufacturing," EPA,-453/R-94-037, Research Triangle Park, NC, June 1994.

Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of Air
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Quality Planning and Standards, Innovative Strategies and Economics Group, Research Triangle
Park, September 1998.
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Source Category: Glass Manufacturing - Containers

Control Measure Name: Cullet Preheat
Rule Name: Not Applicable
Pechan Measure Code: N0302S, N03002 POD: 30
Application: This control is the use of cullet preheat technologies to reduce NOx emissions from
glass manufacturing operations.

This control is applicable to container glass manufacturing operations classified under
305010402.

Affected SCC:
30501402 Mineral Products, Glass Manufacture, Container Glass: Melting Furnace

PM10 | PM2.5 EC oC NOx VOC S02 NH3 co Hg

Pollutant(s)
\/*

\ = pollutant reduction; X = pollutant increase, * = major pollutant
Control Efficiency: 25% from uncontrolled
Equipment Life: 10 years
Rule Effectiveness: 100%
Penetration: 100%

Cost Basis: The basis of the costs are model plant data contained in the Alternative Control
Techniques (ACT) document (EPA, 1994). Capital and annual cost information was
obtained from control-specific cost data based on tons of glass produced. O&M
costs were back calculated from annual costs. From these determinations, default
cost per ton values were assigned along with a capital to annual cost ratio of 4.5
(Pechan, 1998). A discount rate of 10 percent and a capacity factor of 65 percent are
assumed, along with an equipment lifetime of 10 years (EPA, 1994).

Cost Effectiveness: The default cost effectiveness value used in AirControINET is $940 per ton
NOx reduced from both uncontrolled and RACT (19909%).

Comments:

Status: Demonstrated Last Reviewed: 1998

Additional Information:

The 250 tons per day plant is assumed to be representative of container glass plants (Pechan,
1998).

References:

EPA, 1994: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions from
Glass Manufacturing," EPA,-453/R-94-037, Research Triangle Park, NC, June 1994.

Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of Air
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Quality Planning and Standards, Innovative Strategies and Economics Group, Research Triangle
Park, September 1998.
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Source Category: Glass Manufacturing - Containers

Control Measure Name: Low NOx Burner
Rule Name: Not Applicable

Pechan Measure Code: NO0303S, N03003 POD: 30

Application: This control is the use of low NOx burner (LNB) technology to reduce NOx emissions.
LNBs reduce the amount of NOx created from reaction between fuel nitrogen and
oxygen by lowering the temperature of one combustion zone and reducing the amount
of oxygen available in another.

This control is applicable to container glass manufacturing operations classified under
305010402 with uncontrolled NOx emissions greater than 10 tons per year.

Affected SCC:
30501402 Mineral Products, Glass Manufacture, Container Glass: Melting Furnace

PM10 | PM2.5 EC ocC NOx voC S02 NH3 co Hg

Pollutant(s)

\/*

v = pollutant reduction; X = pollutant increase, * = major pollutant
Control Efficiency: 40% from uncontrolled
Equipment Life: 10 years
Rule Effectiveness: 100%
Penetration: 100%

Cost Basis:  The basis of the costs are model plant data contained in the Alternative Control
Techniques (ACT) document (EPA, 1994). Capital and annual cost information was
obtained from control-specific cost data based on tons of glass produced. O&M
costs were back calculated from annual costs. From these determinations, default
cost per ton values were assigned along with a capital to annual cost ratio of 2.2
(Pechan, 1998). A discount rate of 10 percent and a capacity factor of 65 percent are
assumed, along with an equipment lifetime of 10 years (EPA, 1994).

Cost Effectiveness: The default cost effectiveness value used in AirControINET is $1,690 per ton
NOx reduced from both uncontrolled and RACT (1990%).

Comments:

Status: Demonstrated Last Reviewed: 1998

Additional Information:

The 250 tons per day plant is assumed to be representative of container glass plants (Pechan,
1998).

LNBs are designed to "stage" combustion so that two combustion zones are created, one fuel-rich

combustion and one at a lower temperature. Staging techniques are usually used by LNB to supply
excess air to cool the combustion process or to reduce available oxygen in the flame zone. Staged-
air LNBs create a fuel-rich reducing primary combustion zone and a fuel-lean secondary combustion
zone. Staged-fuel LNBs create a lean combustion zone that is relatively cool due to the presence of
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excess air, which acts as a heat sink to lower combustion temperatures (EPA, 2002).

References:

EPA, 1994: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions from
Glass Manufacturing," EPA,-453/R-94-037, Research Triangle Park, NC, June 1994.

EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and Standards,
"EPA Air Pollution Control Cost Manual," 6th ed., EPA/452/B-02-001, Research Triangle Park, NC,
January 2002.

Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of Air
Quality Planning and Standards, Innovative Strategies and Economics Group, Research Triangle
Park, NC, September 1998.
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Source Category: Glass Manufacturing - Containers

Control Measure Name: Selective Non-Catalytic Reduction (SNCR)

Rule Name: Not Applicable

Pechan Measure Code: NO0304S, N03004 POD: 30
Application:

This control is the reduction of NOx emission through selective non-catalytic reduction
add-on controls. SNCR controls are post-combustion control technologies based on
the chemical reduction of nitrogen oxides (NOx) into molecular nitrogen (N2) and water
vapor (H20).

This control applies to glass-container manufacturing operations (SCC 30501402) with
uncontrolled NOx emissions greater than 10 tons per year.

Affected SCC:
30501402 Mineral Products, Glass Manufacture, Container Glass: Melting Furnace

Pollutant(s)

PM10 | PM2.5 EC ocC NOx voC S02 NH3 co Hg

\* X

V= po-llutant reduction; X = pollutant increase, * = major pollutant

Control Efficiency: 40% from uncontrolled

Equipment Life: 10 years
Rule Effectiveness: 100%

Penetration:

100%

Cost Basis:

Sources are distinguished by NOx emission levels (Pechan, 1998).

Small source = emission levels less than 1 ton per ozone season day
Large source = emission levels greater than 1 ton per ozone season day

Costs for stationary source NOx control are based on an analysis of EPA's NOx State
Implementation Plan (SIP) Call (Pechan, 1998). From this analysis, default cost per
ton values are assigned. A discount rate of 7 percent and a capacity factor of 65
percent are assumed, along with an equipment life of 10 years (EPA, 1994).

In general, the incremental default cost is used for sources where there are existing
controls (RACT baseline), with efficiencies less than 70% (Pechan, 2001).

O&M Cost Components: The O&M cost breakdown is estimated by applying
percentages of O&M breakdown for SNCR as applied to process heaters, using
detailed information found in Table 6-3 and Chapter 6 of the Process Heater ACT
document. The breakdown was obtained using the O&M costs for a 250 ton per day
furnace.

Electricity: $0.06 per kw-hr
Fuel (nat gas): $2.00 per MMBTU
Ammonia: $0.125 per Ib
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Cost Effectiveness: The cost effectiveness (for both small and large sources) used in
AirControINET for both reductions from baseline and reductions from RACT is
$1,770 per ton NOx reduced (1990%).

Comments:

Status: Demonstrated Last Reviewed: 2001

Additional Information:

SNCR is the reduction of NOx in flue gas to N2 and water vapor. This reduction is done with a
nitrogen based reducing reagent, such as ammonia or urea. The reagent can react with a number of
flue gas components. However, the NOx reduction reaction is favored for a specific temperature
range and in the presence of oxygen (EPA, 2002).

Both ammonia and urea are used as reagents. The cost of the reagent represents a large part of the
annual costs of an SNCR system. Ammonia is generally less expensive than urea. However, the
choice of reagent is also based on physical properties and operational considerations (EPA, 2002).

Ammonia can be utilized in either aqueous or anhydrous form. Anhydrous ammonia is a gas at
atmospheric pressure and normal temperatures. There are safety issues with the use of anhydrous
ammonia, as it must be transported and stored under pressure (EPA, 2002). Aqueous ammonia is
generally transported and stored at a concentration of 29.4% ammonia in water.

Urea based systems have several advantages, including several safety aspects. Urea is a nontoxic,
less volatile liquid that can be stored and handled more safely than ammonia. Urea solution droplets
can penetrate farther into the flue gas when injected into the boiler, enhancing mixing (EPA, 2002).
Because of these advantages, urea is more commonly used than ammonia in large boiler
applications.

The rate of reaction determines the amount of NOx removed from the flue gas. The important
design and operational factors that affect the rate of reduction include:

Reaction temperature range;

Residence time available in the optimum temperature range;

Degree of mixing between the injected reagent and the combustion gases
Uncontrolled NOx concentration level;

Molar ratio of injected reagent to uncontrolled NOx ; and ammonia slip.

References:

EPA, 1994: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions from
Glass Manufacturing," EPA,-453/R-94-037, Research Triangle Park, NC, June 1994,

EPA, 1993: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions from
Process Heaters," EPA,-453/R-93-034, Research Triangle Park, NC, September 1993.

EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and Standards,
"EPA Air Pollution Control Cost Manual," 6th ed., EPA/452/B-02-001, Research Triangle Park, NC,
January 2002.

Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of Air
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Quality Planning and Standards, Innovative Strategies and Economics Group, Research Triangle
Park, September 1998.

Pechan, 2001: E.H. Pechan & Associates, Inc., "Revisions to AirControINET, and Particulate Matter

Control Strategies and Cost Analysis," Revised Report, prepared for U.S. Environmental Protection
Agency, Innovative Strategies and Economics Group, Research Triangle Park, September 2001.
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Source Category: Glass Manufacturing - Containers

Control Measure Name: Selective Catalytic Reduction (SCR)
Rule Name: Not Applicable

Pechan Measure Code: NO0305S, N03005 POD: 30

Application: This control is the selective catalytic reduction of NOx through add-on controls. SCR
controls are post-combustion control technologies based on the chemical reduction of
nitrogen oxides (NOx) into molecular nitrogen (N2) and water vapor (H20). The SCR
utilizes a catalyst to increase the NOx removal efficiency, which allows the process to
occur at lower temperatures.

Applies to glass-container manufacturing processes, classified under SCC 30501402
and uncontrolled NOx emissions greater than 10 tons per year.

Affected SCC:
30501402 Mineral Products, Glass Manufacture, Container Glass: Melting Furnace

PM10 | PM2.5 EC oC NOx VOC S02 NH3 co Hg

Pollutant(s)
V* X

\ = pollutant reduction; X = pollutant increase, * = major pollutant
Control Efficiency: 75% from uncontrolled
Equipment Life: 10 years
Rule Effectiveness: 100%
Penetration: 100%

Cost Basis:  Sources are distinguished by NOx emission levels (Pechan, 1998).

Small source = emission levels less than 1 ton per ozone season day
Large source = emission levels greater than 1 ton per ozone season day

Costs for stationary source NOx control are based on an analysis of EPA's NOx State
Implementation Plan (SIP) Call (Pechan, 1998). From this analysis, default cost per
ton values are assigned. A discount rate of 7 percent and a capacity factor of 65
percent are assumed, along with an equipment life of 10 years (EPA, 1994).

In general, the incremental default cost is used for sources where there are existing
controls (RACT baseline), with efficiencies less than 70% (Pechan, 2001).

Cost Effectiveness: The cost effectiveness values (for both small and large sources) used in
AirControINET are $2,200 per ton NOx reduced from both uncontrolled and
RACT baselines (19909%).

Comments:

Status: Demonstrated Last Reviewed: 2001
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Additional Information:

Selective Catalytic Reduction (SCR) has been widely applied to stationary source, fossil fuel-fired,
combustion units for emission control since the early 1970s. SCR is typically implemented on units
requiring a higher level of NOx control than achievable by SNCR or other combustion controls (EPA,
2002).

Like SNCR, SCR is based on the chemical reduction of the NOx molecule. The primary difference
between SNCR and SCR is that SCR uses a metal-based catalyst to increase the rate of reaction
(EPA, 2002). A nitrogen based reducing reagent, such as ammonia or urea, is injected into the flue
gas. The reagent reacts selectively with the flue gas NOx within a specific temperature range and in
the presence of the catalyst and oxygen to reduce the NOx.

The use of a catalyst results in two advantages of the SCR process over SNCR, the higher NOx
reduction efficiency and the lower and broader temperature ranges. However, the decrease in
reaction temperature and increase in efficiency is accompanied by a significant increase in capital
and operating costs (EPA, 2002). The cost increase is due to the large amount of catalyst required.

The SCR system can utilize either aqueous or anhydrous ammonia as the reagent. Anhydrous
ammonia is a gas at atmospheric pressure and normal temperatures. There are safety issues with
the use of anhydrous ammonia, as it must be transported and stored under pressure (EPA, 2002).
Aqueous ammonia is generally transported and stored at a concentration of 29.4% ammonia in
water.

Today, catalyst formulations include single component, multi-component, or active phase with a
support structure. Most catalyst formulations contain additional compounds or sup-ports, providing
thermal and structural stability or to increase surface area (EPA, 2002).

The rate of reaction determines the amount of NOx removed from the flue gas. The important
design and operational factors that affect the rate of reduction include: reaction temperature range;
residence time available in the optimum temperature range; degree of mixing between the injected
reagent and the combustion gases; uncontrolled NOx concentration level; molar ratio of injected
reagent to uncontrolled NOx; ammonia slip; catalyst activity; catalyst selectivity; pressure drop
across the catalyst; catalyst pitch; catalyst deactivation; and catalyst management (EPA, 2001).

References:

EPA, 1994: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions from
Glass Manufacturing," EPA,-453/R-94-037, Research Triangle Park, NC, June 1994,

EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and Standards,
"EPA Air Pollution Control Cost Manual," 6th ed., EPA/452/B-02-001, Research Triangle Park, NC,
January 2002.

Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of Air
Quality Planning and Standards, Innovative Strategies and Economics Group, Research Triangle
Park, September 1998.

Pechan, 2001: E.H. Pechan & Associates, Inc., "Revisions to AirControINET, and Particulate Matter

Control Strategies and Cost Analysis," Revised Report, prepared for U.S. Environmental Protection
Agency, Innovative Strategies and Economics Group, Research Triangle Park, September 2001.
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Source Category: Glass Manufacturing - Containers

Control Measure Name: OXY-Firing
Rule Name: Not Applicable

Pechan Measure Code: NO0306S, N03006 POD: 30
Application: This control is the use of OXY-firing to reduce NOx emissions.

This control applies to container-glass manufacturing operations with uncontrolled NOx
emissions greater than 10 tons per year.

Affected SCC:
30501402 Mineral Products, Glass Manufacture, Container Glass: Melting Furnace

PM10 | PM2.5 EC ocC NOx voC S02 NH3 co Hg

Pollutant(s)

\/*

V= po.IIutant reduction; X = pollutant increase, * = major pollutant
Control Efficiency: 85% from uncontrolled
Equipment Life: 10 years
Rule Effectiveness: 100%
Penetration: 100%

Cost Basis:  Cost equations for glass manufacturing NOx control are based on an analysis of
EPA's NOx State Implementation Plan (SIP) Call (Pechan-Avanti, 1998). The basis
of the costs are model plant data contained in the Alternative Control Techniques
(ACT) document. The 50 tons per day plant was assumed to be representative of
pressed glass plants, the 250 tons per day plant was assumed to be representative of
container glass plants, and the 500 tons per day plant was assumed to be
representative of flat glass plants. Capital, and annual cost information that was
obtained from control-specific cost data based on tons of glass produced. O&M
costs were back calculated from annual costs. From these determinations, default
cost per ton values were assigned. A capital cost to annual cost ratio was developed
to estimate default capital and O&M costs. A discount rate of 10% was assumed for
all sources. The equipment life of varied form3 to 10 years by control.

Cost Effectiveness: The default cost effectiveness value is $4,590 per ton NOx reduced from both
uncontrolled and RACT baselines (19909$).

Comments:

Status: Demonstrated Last Reviewed: 2001

Additional Information:

The 550 tons per day plant is assumed to be representative of container glass plants (Pechan,
1998).
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References:

EPA, 1994: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions from
Glass Manufacturing," EPA,-453/R-94-037, Research Triangle Park, NC, June 1994.

EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and Standards,
"EPA Air Pollution Control Cost Manual," 6th ed., EPA/452/B-02-001, Research Triangle Park, NC,
January 2002.

Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of Air
Quality Planning and Standards, Innovative Strategies and Economics Group, Research Triangle
Park, NC, September 1998.
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Source Category: Glass Manufacturing - Flat

Control Measure Name: Electric Boost
Rule Name: Not Applicable
Pechan Measure Code: NO0311L, N0O311S, N03101 POD: 31
Application: This control is the use of electric boost technologies to reduce NOx emissions from
glass manufacturing operations.

This control applies to flat glass manufacturing operations classified under SCC
30501403.

Affected SCC:
30501403 Mineral Products, Glass Manufacture, Flat Glass: Melting Furnace

PM10 | PM2.5 EC oC NOx VOC S02 NH3 co Hg

Pollutant(s)
\/*

\ = pollutant reduction; X = pollutant increase, * = major pollutant
Control Efficiency: 10% from uncontrolled
Equipment Life: 10 years
Rule Effectiveness: 100%
Penetration: 100%

Cost Basis: The basis of the costs are model plant data contained in the Alternative Control
Techniques (ACT) document (EPA, 1994). Capital and annual cost information that
was obtained from control-specific cost data based on tons of glass produced. O&M
costs were back calculated from annual costs. From these determinations, default
cost per ton values were assigned along with a capital to annual cost ratio of 4.5. A
discount rate of 10 percent and a capacity factor of 65 percent are assumed, along
with an equipment lifetime of 10 years (EPA, 1994).

Cost Effectiveness: The default cost effectiveness value used in AirControINET is $2,320 per ton
NOx reduced from both uncontrolled and RACT (19909%).

Comments:

Status: Demonstrated Last Reviewed: 1998

Additional Information:
The 500 tons per day plant is assumed to be representative of flat glass plants (Pechan, 1998).

References:

EPA, 1994: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions from
Glass Manufacturing," EPA,-453/R-94-037, Research Triangle Park, NC, June 1994.

Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity

Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of Air
Quality Planning and Standards, Innovative Strategies and Economics Group, Research Triangle
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Park, NC, September 1998.
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Source Category: Glass Manufacturing - Flat

Control Measure Name: Low NOx Burner
Rule Name: Not Applicable

Pechan Measure Code: N0312S, N0312L, N03102 POD: 31

Application: This control is the use of low NOx burner (LNB) technology to reduce NOx emissions.
LNBs reduce the amount of NOx created from reaction between fuel nitrogen and
oxygen by lowering the temperature of one combustion zone and reducing the amount
of oxygen available in another.

This control is applicable to flat glass manufacturing operations classified under
305010404 with uncontrolled NOx emissions greater than 10 tons per year.

Affected SCC:
30501403 Mineral Products, Glass Manufacture, Flat Glass: Melting Furnace

PM10 | PM2.5 EC ocC NOx voC S02 NH3 co Hg

Pollutant(s)

\/*

v = pollutant reduction; X = pollutant increase, * = major pollutant
Control Efficiency: 40% from uncontrolled
Equipment Life: 3 years
Rule Effectiveness: 100%
Penetration: 100%

Cost Basis:  The basis of the costs are model plant data contained in the Alternative Control
Techniques (ACT) document (EPA, 1994). Capital and annual cost information is
obtained from control-specific cost data based on tons of glass produced. O&M
costs were back calculated from annual costs. From these determinations, default
cost per ton values were assigned along with a capital to annual cost ratio of 2.2
(Pechan, 1998). A discount rate of 10 percent and a capacity factor of 65 percent
are assumed, along with an equipment lifetime of 3 years (EPA, 1994).

Cost Effectiveness: The default cost effectiveness value used in AirControINET is $700 per ton
NOx reduced from both uncontrolled and RACT (1990%).

Comments:

Status: Demonstrated Last Reviewed: 1998

Additional Information:
The 500 tons per day plant is assumed to be representative of flat glass plants (Pechan, 1998).

LNBs are designed to "stage" combustion so that two combustion zones are created, one fuel-rich
combustion and one at a lower temperature. Staging techniques are usually used by LNB to supply
excess air to cool the combustion process or to reduce available oxygen in the flame zone. Staged-
air LNBs create a fuel-rich reducing primary combustion zone and a fuel-lean secondary combustion
zone. Staged-fuel LNBs create a lean combustion zone that is relatively cool due to the presence of
excess air, which acts as a heat sink to lower combustion temperatures (EPA, 2002).
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References:

EPA, 1994: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions from
Glass Manufacturing," EPA,-453/R-94-037, Research Triangle Park, NC, June 1994.

EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and Standards,
"EPA Air Pollution Control Cost Manual," 6th ed., EPA/452/B-02-001, Research Triangle Park, NC,
January 2002.

Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of Air
Quality Planning and Standards, Innovative Strategies and Economics Group, Research Triangle
Park, NC, September 1998.
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Source Category: Glass Manufacturing - Flat

Control Measure Name: OXY-Firing
Rule Name: Not Applicable

Pechan Measure Code: NO0315L, N0315S, N03105 POD: 31
Application: This control is the use of OXY-firing to reduce NOx emissions.

This control applies to flat-glass manufacturing operations with uncontrolled NOx
emissions greater than 10 tons per year.

Affected SCC:
30501403 Mineral Products, Glass Manufacture, Flat Glass: Melting Furnace

PM10 | PM2.5 EC ocC NOx voC S02 NH3 co Hg

Pollutant(s) "

V= po.IIutant reduction; X = pollutant increase, * = major pollutant
Control Efficiency: 85% from uncontrolled
Equipment Life: 10 years
Rule Effectiveness: 100%
Penetration: 100%

Cost Basis:  The basis of the costs are model plant data contained in the Alternative Control
Techniques (ACT) document (EPA, 1994). Capital and annual cost information is
obtained from control-specific cost data based on tons of glass produced. O&M
costs were back calculated from annual costs. From these determinations, default
cost per ton values were assigned along with a capital to annual cost ratio of 2.7
(Pechan, 1998). A discount rate of 10 percent and a capacity factor of 65 percent
are assumed, along with an equipment lifetime of 10 years (EPA, 1994).

Cost Effectiveness: The default cost effectiveness value is $1,900 per ton NOx reduced from both
uncontrolled and RACT baselines (19909).

Comments:

Status: Demonstrated Last Reviewed: 2001

Additional Information:
The 500 tons per day plant is assumed to be representative of flat glass plants (Pechan, 1998).

References:

EPA, 1994: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions from
Glass Manufacturing," EPA,-453/R-94-037, Research Triangle Park, NC, June 1994,

EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and Standards,

"EPA Air Pollution Control Cost Manual," 6th ed., EPA/452/B-02-001, Research Triangle Park, NC,
January 2002.
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Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of Air
Quality Planning and Standards, Innovative Strategies and Economics Group, Research Triangle
Park, NC, September 1998.
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Source Category: Glass Manufacturing - Flat - Large Sources

Control Measure Name: Selective Non-Catalytic Reduction (SNCR)
Rule Name: Not Applicable

Pechan Measure Code: NO0313L, N03103 POD: 31

Application: This control is the reduction of NOx emission through selective non-catalytic reduction
add-on controls. SNCR controls are post-combustion control technologies based on
the chemical reduction of nitrogen oxides (NOx) into molecular nitrogen (N2) and water
vapor (H20).

This control applies to large (>1 ton NOx emissions per OSD) flat-glass manufacturing
operations (SCC 30501403) with uncontrolled NOx emissions greater than 10 tons per
year.

Affected SCC:
30501403 Mineral Products, Glass Manufacture, Flat Glass: Melting Furnace

PM10 | PM2.5 EC oC NOx VOC S02 NH3 co Hg

Pollutant(s)
V* X

\ = pollutant reduction; X = pollutant increase, * = major pollutant
Control Efficiency: 40% from uncontrolled
Equipment Life: 10 years
Rule Effectiveness: 100%
Penetration: 100%

Cost Basis:  Sources are distinguished by NOx emission levels (Pechan, 1998).
Large source = emission levels greater than 1 ton per ozone season day

Costs for stationary source NOx control are based on an analysis of EPA's NOx State
Implementation Plan (SIP) Call (Pechan, 1998). From this analysis, default cost per
ton values are assigned. A discount rate of 7 percent and a capacity factor of 65
percent are assumed, along with an equipment life of 10 years (EPA, 1994).

In general, the incremental default cost is used for sources where there are existing
controls (RACT baseline), with efficiencies less than 70% (Pechan, 2001).

Cost Effectiveness: The cost effectiveness used in AirControINET for both reductions from baseline
and reductions from RACT is $740 per ton NOx reduced (19909).

Comments:

Status: Demonstrated Last Reviewed: 2001

Additional Information:

SNCR is the reduction of NOx in flue gas to N2 and water vapor. This reduction is done with a
nitrogen based reducing reagent, such as ammonia or urea. The reagent can react with a number of
flue gas components. However, the NOx reduction reaction is favored for a specific temperature
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range and in the presence of oxygen (EPA, 2002).

Both ammonia and urea are used as reagents. The cost of the reagent represents a large part of the
annual costs of an SNCR system. Ammonia is generally less expensive than urea. However, the
choice of reagent is also based on physical properties and operational considerations (EPA, 2002).

Ammonia can be utilized in either aqueous or anhydrous form. Anhydrous ammonia is a gas at
atmospheric pressure and normal temperatures. There are safety issues with the use of anhydrous
ammonia, as it must be transported and stored under pressure (EPA, 2002). Aqueous ammonia is
generally transported and stored at a concentration of 29.4% ammonia in water.

Urea based systems have several advantages, including several safety aspects. Urea is a nontoxic,
less volatile liquid that can be stored and handled more safely than ammonia. Urea solution droplets
can penetrate farther into the flue gas when injected into the boiler, enhancing mixing (EPA, 2002).
Because of these advantages, urea is more commonly used than ammonia in large boiler
applications.

The rate of reaction determines the amount of NOx removed from the flue gas. The important
design and operational factors that affect the rate of reduction include:

Reaction temperature range;

Residence time available in the optimum temperature range;

Degree of mixing between the injected reagent and the combustion gases
Uncontrolled NOx concentration level,

Molar ratio of injected reagent to uncontrolled NOx ; and

Ammonia slip.

References:

EPA, 1994: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions from
Glass Manufacturing," EPA,-453/R-94-037, Research Triangle Park, NC, June 1994.

EPA, 1993: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions from
Process Heaters," EPA,-453/R-93-034, Research Triangle Park, NC, September 1993.

EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and Standards,
"EPA Air Pollution Control Cost Manual," 6th ed., EPA/452/B-02-001, Research Triangle Park, NC,
January 2002.

Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of Air
Quality Planning and Standards, Innovative Strategies and Economics Group, Research Triangle
Park, September 1998.

Pechan, 2001: E.H. Pechan & Associates, Inc., "Revisions to AirControINET, and Particulate Matter

Control Strategies and Cost Analysis," Revised Report, prepared for U.S. Environmental Protection
Agency, Innovative Strategies and Economics Group, Research Triangle Park, September 2001.
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Source Category: Glass Manufacturing - Flat - Large Sources

Control Measure Name: Selective Catalytic Reduction (SCR)

Rule Name: Not Applicable

Pechan Measure Code: N0314L, N0O3104 POD: 31
Application:

This control is the selective catalytic reduction of NOx through add-on controls. SCR

controls are post-combustion control technologies based on the chemical reduction of
nitrogen oxides (NOx) into molecular nitrogen (N2) and water vapor (H20). The SCR
utilizes a catalyst to increase the NOx removal efficiency, which allows the process to
occur at lower temperatures.

Applies to large(>1 ton NOx per OSD) flat-glass manufacturing operations (SCC
30501403) with uncontrolled NOx emissions greater than 10 tons per year.

Affected SCC:
30501403 Mineral Products, Glass Manufacture, Flat Glass: Melting Furnace

Pollutant(s)

PM10 | PM2.5 EC oC NOx VOC S02 NH3 co Hg

\* X

V= po.llutant reduction; X = pollutant increase, * = major pollutant

Control Efficiency: 75% from uncontrolled

Equipment Life: 10 years
Rule Effectiveness: 100%

Penetration:

100%

Cost Basis:

Sources are distinguished by NOx emission levels (Pechan, 1998).
Large source = emission levels greater than 1 ton per ozone season day

Costs for stationary source NOx control are based on an analysis of EPA's NOx State
Implementation Plan (SIP) Call (Pechan, 1998). From this analysis, default cost per
ton values are assigned. A discount rate of 7 percent and a capacity factor of 65
percent are assumed, along with an equipment life of 10 years (EPA, 1994).

In general, the incremental default cost is used for sources where there are existing
controls (RACT baseline), with efficiencies less than 70% (Pechan, 2001).

O&M Cost Components: The O&M cost breakdown is estimated by applying
percentages of O&M breakdown for SCR as applied to process heaters, using
detailed information found in Table 6-3 and Chapter 6 of the Process Heater ACT
document. The breakdown was obtained using the O&M costs for a 750 ton per day
furnace.

Electricity: $0.06 per kw-hr
Fuel (nat gas): $2.00 per MMBTU
Ammonia: $0.125 per Ib
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Cost Effectiveness: The cost effectiveness values used in AirControINET are $710 per ton NOx
reduced from both uncontrolled and RACT baselines (19909%).

Comments:

Status: Demonstrated Last Reviewed: 2001

Additional Information:

Selective Catalytic Reduction (SCR) has been widely applied to stationary source, fossil fuel-fired,
combustion units for emission control since the early 1970s. SCR is typically implemented on units
requiring a higher level of NOx control than achievable by SNCR or other combustion controls (EPA,
2002).

Like SNCR, SCR is based on the chemical reduction of the NOx molecule. The primary difference
between SNCR and SCR is that SCR uses a metal-based catalyst to increase the rate of reaction
(EPA, 2002). A nitrogen based reducing reagent, such as ammonia or urea, is injected into the flue
gas. The reagent reacts selectively with the flue gas NOx within a specific temperature range and in
the presence of the catalyst and oxygen to reduce the NOx.

The use of a catalyst results in two advantages of the SCR process over SNCR, the higher NOx
reduction efficiency and the lower and broader temperature ranges. However, the decrease in
reaction temperature and increase in efficiency is accompanied by a significant increase in capital
and operating costs (EPA, 2002). The cost increase is due to the large amount of catalyst required.

The SCR system can utilize either aqueous or anhydrous ammonia as the reagent. Anhydrous
ammonia is a gas at atmospheric pressure and normal temperatures. There are safety issues with
the use of anhydrous ammonia, as it must be transported and stored under pressure (EPA, 2002).
Aqueous ammonia is generally transported and stored at a concentration of 29.4% ammonia in
water.

Today, catalyst formulations include single component, multi-component, or active phase with a
support structure. Most catalyst formulations contain additional compounds or sup-ports, providing
thermal and structural stability or to increase surface area (EPA, 2002).

The rate of reaction determines the amount of NOx removed from the flue gas. The important
design and operational factors that affect the rate of reduction include: reaction temperature range;
residence time available in the optimum temperature range; degree of mixing between the injected
reagent and the combustion gases; uncontrolled NOx concentration level; molar ratio of injected
reagent to uncontrolled NOx; ammonia slip; catalyst activity; catalyst selectivity; pressure drop
across the catalyst; catalyst pitch; catalyst deactivation; and catalyst management (EPA, 2001).

References:

EPA, 1994: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions from
Glass Manufacturing," EPA,-453/R-94-037, Research Triangle Park, NC, June 1994,

EPA, 1993: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions from
Process Heaters," EPA,-453/R-93-034, Research Triangle Park, NC, September 1993.

EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and Standards,
"EPA Air Pollution Control Cost Manual," 6th ed., EPA/452/B-02-001, Research Triangle Park, NC,
January 2002.
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Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of Air
Quality Planning and Standards, Innovative Strategies and Economics Group, Research Triangle
Park, September 1998.

Pechan, 2001: E.H. Pechan & Associates, Inc., "Revisions to AirControINET, and Particulate Matter

Control Strategies and Cost Analysis," Revised Report, prepared for U.S. Environmental Protection
Agency, Innovative Strategies and Economics Group, Research Triangle Park, September 2001.
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Source Category: Glass Manufacturing - Flat - Small Sources

Control Measure Name: Selective Non-Catalytic Reduction (SNCR)

Application:

Rule Name: Not Applicable
Pechan Measure Code: N0313S POD: 31

This control is the reduction of NOx emission through selective non-catalytic reduction
add-on controls. SNCR controls are post-combustion control technologies based on
the chemical reduction of nitrogen oxides (NOx) into molecular nitrogen (N2) and water
vapor (H20).

This control applies to small (<1 ton NOx emissions per OSD) flat-glass manufacturing
operations (SCC 30501403) with uncontrolled NOx emissions greater than 10 tons per
year.

Affected SCC:
30501403 Mineral Products, Glass Manufacture, Flat Glass: Melting Furnace

Pollutant(s)

PM10 | PM2.5 EC oC NOx VOC S02 NH3 co Hg

\* X

V= po.llutant reduction; X = pollutant increase, * = major pollutant

Control Efficiency: 40% from uncontrolled

Equipment Life: 10 years
Rule Effectiveness: 100%

Penetration:

100%

Cost Basis:

Sources are distinguished by NOx emission levels (Pechan, 1998).
Small source = emission levels less than 1 ton per ozone season day

Costs for stationary source NOx control are based on an analysis of EPA's NOx State
Implementation Plan (SIP) Call (Pechan, 1998). From this analysis, default cost per
ton values are assigned for small sources. A discount rate of 7 percent and a
capacity factor of 65 percent are assumed, along with an equipment life of 10 years
(EPA, 1994).

In general, the incremental default cost is used for sources where there are existing
controls (RACT baseline), with efficiencies less than 70% (Pechan, 2001).

O&M Cost Components: The O&M cost breakdown is estimated by applying
percentages of O&M breakdown for SNCR as applied to process heaters, using
detailed information found in Table 6-3 and Chapter 6 of the Process Heater ACT
document. The breakdown was obtained using the O&M costs for a 750 ton per day
furnace.

Electricity: $0.06 per kw-hr
Fuel (nat gas): $2.00 per MMBTU
Ammonia: $0.125 per Ib
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O&M Cost Components: The O&M cost breakdown is estimated by applying
percentages of O&M breakdown for SNCR as applied to process heaters, using
detailed information found in Table 6-3 and Chapter 6 of the Process Heater ACT
document. The breakdown was obtained using the O&M costs for a 750 ton per day
furnace.

Electricity: $0.06 per kw-hr
Fuel (nat gas): $2.00 per MMBTU
Ammonia: $0.125 per Ib

Cost Effectiveness: The cost effectiveness used in AirControINET for both reductions from baseline
and reductions from RACT is $740 per ton NOx reduced (1990%).

Comments:

Status: Demonstrated Last Reviewed: 2001

Additional Information:

SNCR is the reduction of NOx in flue gas to N2 and water vapor. This reduction is done with a
nitrogen based reducing reagent, such as ammonia or urea. The reagent can react with a number of
flue gas components. However, the NOx reduction reaction is favored for a specific temperature
range and in the presence of oxygen (EPA, 2002).

Both ammonia and urea are used as reagents. The cost of the reagent represents a large part of the
annual costs of an SNCR system. Ammonia is generally less expensive than urea. However, the
choice of reagent is also based on physical properties and operational considerations (EPA, 2002).

Ammonia can be utilized in either aqueous or anhydrous form. Anhydrous ammonia is a gas at
atmospheric pressure and normal temperatures. There are safety issues with the use of anhydrous
ammonia, as it must be transported and stored under pressure (EPA, 2002). Aqueous ammonia is
generally transported and stored at a concentration of 29.4% ammonia in water.

Urea based systems have several advantages, including several safety aspects. Urea is a nontoxic,
less volatile liquid that can be stored and handled more safely than ammonia. Urea solution droplets
can penetrate farther into the flue gas when injected into the boiler, enhancing mixing (EPA, 2002).
Because of these advantages, urea is more commonly used than ammonia in large boiler
applications.

The rate of reaction determines the amount of NOx removed from the flue gas. The important
design and operational factors that affect the rate of reduction include:

Reaction temperature range;

Residence time available in the optimum temperature range;

Degree of mixing between the injected reagent and the combustion gases
Uncontrolled NOx concentration level,

Molar ratio of injected reagent to uncontrolled NOx ; and

Ammonia slip.
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References:

EPA, 1994: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions from
Glass Manufacturing," EPA,-453/R-94-037, Research Triangle Park, NC, June 1994.

EPA, 1993: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions from
Process Heaters," EPA,-453/R-93-034, Research Triangle Park, NC, September 1993.

EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and Standards,
"EPA Air Pollution Control Cost Manual," 6th ed., EPA/452/B-02-001, Research Triangle Park, NC,
January 2002.

Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of Air
Quality Planning and Standards, Innovative Strategies and Economics Group, Research Triangle
Park, September 1998.
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Source Category: Glass Manufacturing - Flat - Small Sources

Control Measure Name: Selective Catalytic Reduction (SCR)

Rule Name: Not Applicable

Pechan Measure Code: N0314S POD: 31
Application:

This control is the selective catalytic reduction of NOx through add-on controls. SCR

controls are post-combustion control technologies based on the chemical reduction of
nitrogen oxides (NOx) into molecular nitrogen (N2) and water vapor (H20). The SCR
utilizes a catalyst to increase the NOx removal efficiency, which allows the process to
occur at lower temperatures.

Applies to small (<1 ton NOx per OSD) flat-glass manufacturing operations (SCC
30501403) with uncontrolled NOx emissions greater than 10 tons per year.

Affected SCC:
30501403 Mineral Products, Glass Manufacture, Flat Glass: Melting Furnace

Pollutant(s)

PM10 | PM2.5 EC oC NOx VOC S02 NH3 co Hg

\* X

V= po.llutant reduction; X = pollutant increase, * = major pollutant

Control Efficiency: 75% from uncontrolled

Equipment Life: 10 years
Rule Effectiveness: 100%

Penetration:

100%

Cost Basis:

Sources are distinguished by NOx emission levels (Pechan, 1998).
Small source = emission levels less than 1 ton per ozone season day

Costs for stationary source NOx control are based on an analysis of EPA's NOx State
Implementation Plan (SIP) Call (Pechan, 1998). From this analysis, default cost per
ton values are assigned. A discount rate of 7 percent and a capacity factor of 65
percent are assumed, along with an equipment life of 10 years (EPA, 1994).

In general, the incremental default cost is used for sources where there are existing
controls (RACT baseline), with efficiencies less than 70% (Pechan, 2001).

O&M Cost Components: The O&M cost breakdown is estimated by applying
percentages of O&M breakdown for SCR as applied to process heaters, using
detailed information found in Table 6-3 and Chapter 6 of the Process Heater ACT
document. The breakdown was obtained using the O&M costs for a 750 ton per day
furnace.

Electricity: $0.06 per kw-hr
Fuel (nat gas): $2.00 per MMBTU
Ammonia: $0.125 per Ib
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Cost Effectiveness: The cost effectiveness values used in AirControINET are $3,370 per ton NOx
reduced from both uncontrolled and RACT baselines (19909%).

Comments:

Status: Demonstrated Last Reviewed: 2001

Additional Information:

Selective Catalytic Reduction (SCR) has been widely applied to stationary source, fossil fuel-fired,
combustion units for emission control since the early 1970s. SCR is typically implemented on units
requiring a higher level of NOx control than achievable by SNCR or other combustion controls (EPA,
2002).

Like SNCR, SCR is based on the chemical reduction of the NOx molecule. The primary difference
between SNCR and SCR is that SCR uses a metal-based catalyst to increase the rate of reaction
(EPA, 2002). A nitrogen based reducing reagent, such as ammonia or urea, is injected into the flue
gas. The reagent reacts selectively with the flue gas NOx within a specific temperature range and in
the presence of the catalyst and oxygen to reduce the NOx.

The use of a catalyst results in two advantages of the SCR process over SNCR, the higher NOx
reduction efficiency and the lower and broader temperature ranges. However, the decrease in
reaction temperature and increase in efficiency is accompanied by a significant increase in capital
and operating costs (EPA, 2002). The cost increase is due to the large amount of catalyst required.

The SCR system can utilize either aqueous or anhydrous ammonia as the reagent. Anhydrous
ammonia is a gas at atmospheric pressure and normal temperatures. There are safety issues with
the use of anhydrous ammonia, as it must be transported and stored under pressure (EPA, 2002).
Aqueous ammonia is generally transported and stored at a concentration of 29.4% ammonia in
water.

Today, catalyst formulations include single component, multi-component, or active phase with a
support structure. Most catalyst formulations contain additional compounds or sup-ports, providing
thermal and structural stability or to increase surface area (EPA, 2002).

The rate of reaction determines the amount of NOx removed from the flue gas. The important
design and operational factors that affect the rate of reduction include: reaction temperature range;
residence time available in the optimum temperature range; degree of mixing between the injected
reagent and the combustion gases; uncontrolled NOx concentration level; molar ratio of injected
reagent to uncontrolled NOx; ammonia slip; catalyst activity; catalyst selectivity; pressure drop
across the catalyst; catalyst pitch; catalyst deactivation; and catalyst management (EPA, 2001).

References:

EPA, 1994: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions from
Glass Manufacturing," EPA,-453/R-94-037, Research Triangle Park, NC, June 1994,

EPA, 1993: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions from
Process Heaters," EPA,-453/R-93-034, Research Triangle Park, NC, September 1993.

EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and Standards,
"EPA Air Pollution Control Cost Manual," 6th ed., EPA/452/B-02-001, Research Triangle Park, NC,
January 2002.
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Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of Air
Quality Planning and Standards, Innovative Strategies and Economics Group, Research Triangle
Park, September 1998.

Pechan, 2001: E.H. Pechan & Associates, Inc., "Revisions to AirControINET, and Particulate Matter

Control Strategies and Cost Analysis," Revised Report, prepared for U.S. Environmental Protection
Agency, Innovative Strategies and Economics Group, Research Triangle Park, September 2001.
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Source Category: Glass Manufacturing - Pressed

Control Measure Name: Electric Boost
Rule Name: Not Applicable
Pechan Measure Code: NO0321S, N03201 POD: 32
Application: This control is the use of electric boost technologies to reduce NOx emissions from
glass manufacturing operations.

This control applies to pressed glass manufacturing operations classified under SCC
30501403.

Affected SCC:
30501404 Glass Manufacture, Pressed and Blown Glass: Melting Furnace

PM10 | PM2.5 EC oC NOx VOC S02 NH3 co Hg

Pollutant(s)
\/*

\ = pollutant reduction; X = pollutant increase, * = major pollutant
Control Efficiency: 10% from uncontrolled
Equipment Life: 10 years
Rule Effectiveness: 100%
Penetration: 100%

Cost Basis: The basis of the costs are model plant data contained in the Alternative Control
Techniques (ACT) document (EPA, 1994). Capital, and annual cost information that
was obtained from control-specific cost data based on tons of glass produced. O&M
costs were back calculated from annual costs. From these determinations, default
cost per ton values were assigned along with a capital to annual cost ratio of 4.5. A
discount rate of 10 percent and a capacity factor of 65 percent are assumed, along
with an equipment lifetime of 10 years (EPA, 1994).

Cost Effectiveness: The default cost effectiveness value used in AirControlNET is $8,760 per ton
NOx reduced from both uncontrolled and RACT (19909%).

Comments:

Status: Demonstrated Last Reviewed: 1998

Additional Information:
The 50 tons per day plant is assumed to be representative of pressed glass plants (Pechan, 1998).

References:

EPA, 1994: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions from
Glass Manufacturing," EPA,-453/R-94-037, Research Triangle Park, NC, June 1994.

Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity

Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of Air
Quality Planning and Standards, Innovative Strategies and Economics Group, Research Triangle
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Park, NC, September 1998.
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Source Category: Glass Manufacturing - Pressed

Control Measure Name: Cullet Preheat
Rule Name: Not Applicable
Pechan Measure Code: N0322S, N03202 POD: 32
Application: This control is the use of cullet preheat technologies to reduce NOx emissions from
glass manufacturing operations.

This control is applicable to pressed glass manufacturing operations classified under
305010404.

Affected SCC:
30501404 Glass Manufacture, Pressed and Blown Glass: Melting Furnace

PM10 | PM2.5 EC oC NOx VOC S02 NH3 co Hg

Pollutant(s)
\/*

\ = pollutant reduction; X = pollutant increase, * = major pollutant
Control Efficiency: 25% from uncontrolled
Equipment Life: 10 years
Rule Effectiveness: 100%
Penetration: 100%

Cost Basis: The basis of the costs are model plant data contained in the Alternative Control
Techniques (ACT) document (EPA, 1994). Capital and annual cost information is
obtained from control-specific cost data based on tons of glass produced. O&M
costs were back calculated from annual costs. From these determinations, default
cost per ton values were assigned along with a capital to annual cost ratio of 4.5
(Pechan, 1998). A discount rate of 10 percent and a capacity factor of 65 percent
are assumed, along with an equipment lifetime of 10 years (EPA, 1994).

Cost Effectiveness: The default cost effectiveness value used in AirControINET is $810 per ton
NOx reduced from both uncontrolled and RACT (19909%).

Comments:

Status: Demonstrated Last Reviewed: 1998

Additional Information:
The 50 tons per day plant is assumed to be representative of pressed glass plants (Pechan, 1998).

References:

EPA, 1994: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions from
Glass Manufacturing," EPA,-453/R-94-037, Research Triangle Park, NC, June 1994.

Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity

Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of Air
Quality Planning and Standards, Innovative Strategies and Economics Group, Research Triangle
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Park, September 1998.
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Source Category: Glass Manufacturing - Pressed

Control Measure Name: Low NOx Burner
Rule Name: Not Applicable

Pechan Measure Code: N0323S, N03203 POD: 32

Application: This control is the use of low NOx burner (LNB) technology to reduce NOx emissions.
LNBs reduce the amount of NOx created from reaction between fuel nitrogen and
oxygen by lowering the temperature of one combustion zone and reducing the amount
of oxygen available in another.

This control is applicable to pressed glass manufacturing operations classified under
305010404 with uncontrolled NOx emissions greater than 10 tons per year.

Affected SCC:
30501404 Glass Manufacture, Pressed and Blown Glass: Melting Furnace

PM10 | PM2.5 EC ocC NOx voC S02 NH3 co Hg

Pollutant(s)

\/*

v = pollutant reduction; X = pollutant increase, * = major pollutant
Control Efficiency: 40% from uncontrolled
Equipment Life: 10 years
Rule Effectiveness: 100%
Penetration: 100%

Cost Basis:  The basis of the costs are model plant data contained in the Alternative Control
Techniques (ACT) document (EPA, 1994). Capital and annual cost information is
obtained from control-specific cost data based on tons of glass produced. O&M
costs were back calculated from annual costs. From these determinations, default
cost per ton values were assigned along with a capital to annual cost ratio of 2.2
(Pechan, 1998). A discount rate of 10 percent and a capacity factor of 65 percent
are assumed, along with an equipment lifetime of 10 years (EPA, 1994).

Cost Effectiveness: The default cost effectiveness value used in AirControINET is $1,500 per ton
NOx reduced from both uncontrolled and RACT (1990%).

Comments:

Status: Demonstrated Last Reviewed: 1998

Additional Information:
The 500 tons per day plant is assumed to be representative of flat glass plants (Pechan, 1998).

LNBs are designed to "stage" combustion so that two combustion zones are created, one fuel-rich
combustion and one at a lower temperature. Staging techniques are usually used by LNB to supply
excess air to cool the combustion process or to reduce available oxygen in the flame zone. Staged-
air LNBs create a fuel-rich reducing primary combustion zone and a fuel-lean secondary combustion
zone. Staged-fuel LNBs create a lean combustion zone that is relatively cool due to the presence of
excess air, which acts as a heat sink to lower combustion temperatures (EPA, 2002).
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References:

EPA, 1994: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions from
Glass Manufacturing," EPA,-453/R-94-037, Research Triangle Park, NC, June 1994.

EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and Standards,
"EPA Air Pollution Control Cost Manual," 6th ed., EPA/452/B-02-001, Research Triangle Park, NC,
January 2002.

Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of Air
Quality Planning and Standards, Innovative Strategies and Economics Group, Research Triangle
Park, NC, September 1998.
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Source Category: Glass Manufacturing - Pressed

Control Measure Name: Selective Non-Catalytic Reduction (SNCR)

Rule Name: Not Applicable

Pechan Measure Code: N0324S, N03204 POD: 32
Application:

This control is the reduction of NOx emission through selective non-catalytic reduction
add-on controls. SNCR controls are post-combustion control technologies based on
the chemical reduction of nitrogen oxides (NOx) into molecular nitrogen (N2) and water
vapor (H20).

This control applies to pressed-glass manufacturing operations (SCC 30501404) with
uncontrolled NOx emissions greater than 10 tons per year.

Affected SCC:
30501404 Glass Manufacture, Pressed and Blown Glass: Melting Furnace

Pollutant(s)

PM10 | PM2.5 EC ocC NOx voC S02 NH3 co Hg

\* X

V= po-llutant reduction; X = pollutant increase, * = major pollutant

Control Efficiency: 40% from uncontrolled

Equipment Life: 10 years
Rule Effectiveness: 100%

Penetration:

100%

Cost Basis:

Sources are distinguished by NOx emission levels (Pechan, 1998).

Small source = emission levels less than 1 ton per ozone season day
Large source = emission levels greater than 1 ton per ozone season day

Costs for stationary source NOx control are based on an analysis of EPA's NOx State
Implementation Plan (SIP) Call (Pechan, 1998). From this analysis, default cost per
ton values are assigned. A discount rate of 7 percent and a capacity factor of 65
percent are assumed, along with an equipment life of 10 years (EPA, 1994).

In general, the incremental default cost is used for sources where there are existing
controls (RACT baseline), with efficiencies less than 70% (Pechan, 2001).

O&M Cost Components: The O&M cost breakdown is estimated by applying
percentages of O&M breakdown for SNCR as applied to process heaters, using
detailed information found in Table 6-3 and Chapter 6 of the Process Heater ACT
document. The breakdown was obtained using the O&M costs for a 50 ton per day
furnace.

Electricity: $0.06 per kw-hr
Fuel (nat gas): $2.00 per MMBTU
Ammonia: $0.125 per Ib
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Cost Effectiveness: The cost effectiveness (for both small and large sources) used in
AirControINET for both reductions from baseline and reductions from RACT is
$1,640 per ton NOx reduced (1990%).

Comments:

Status: Demonstrated Last Reviewed: 2001

Additional Information:

SNCR is the reduction of NOx in flue gas to N2 and water vapor. This reduction is done with a
nitrogen based reducing reagent, such as ammonia or urea. The reagent can react with a number of
flue gas components. However, the NOx reduction reaction is favored for a specific temperature
range and in the presence of oxygen (EPA, 2002).

Both ammonia and urea are used as reagents. The cost of the reagent represents a large part of the
annual costs of an SNCR system. Ammonia is generally less expensive than urea. However, the
choice of reagent is also based on physical properties and operational considerations (EPA, 2002).

Ammonia can be utilized in either aqueous or anhydrous form. Anhydrous ammonia is a gas at
atmospheric pressure and normal temperatures. There are safety issues with the use of anhydrous
ammonia, as it must be transported and stored under pressure (EPA, 2002). Aqueous ammonia is
generally transported and stored at a concentration of 29.4% ammonia in water.

Urea based systems have several advantages, including several safety aspects. Urea is a nontoxic,
less volatile liquid that can be stored and handled more safely than ammonia. Urea solution droplets
can penetrate farther into the flue gas when injected into the boiler, enhancing mixing (EPA, 2002).
Because of these advantages, urea is more commonly used than ammonia in large boiler
applications.

The rate of reaction determines the amount of NOx removed from the flue gas. The important
design and operational factors that affect the rate of reduction include:

Reaction temperature range;

Residence time available in the optimum temperature range;

Degree of mixing between the injected reagent and the combustion gases
Uncontrolled NOx concentration level;

Molar ratio of injected reagent to uncontrolled NOx ; and

Ammonia slip..

References:

EPA, 1994: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions from
Glass Manufacturing," EPA,-453/R-94-037, Research Triangle Park, NC, June 1994..

EPA, 1993: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions from
Process Heaters," EPA,-453/R-93-034, Research Triangle Park, NC, September 1993.

EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and Standards,
"EPA Air Pollution Control Cost Manual," 6th ed., EPA/452/B-02-001, Research Triangle Park, NC,
January 2002.

Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
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Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of Air
Quality Planning and Standards, Innovative Strategies and Economics Group, Research Triangle
Park, September 1998.

Pechan, 2001: E.H. Pechan & Associates, Inc., "Revisions to AirControINET, and Particulate Matter

Control Strategies and Cost Analysis," Revised Report, prepared for U.S. Environmental Protection
Agency, Innovative Strategies and Economics Group, Research Triangle Park, September 2001.
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Source Category: Glass Manufacturing - Pressed

Control Measure Name: Selective Catalytic Reduction (SCR)

Rule Name: Not Applicable

Pechan Measure Code: N0325S, N03205 POD: 32
Application:

This control is the selective catalytic reduction of NOx through add-on controls. SCR

controls are post-combustion control technologies based on the chemical reduction of
nitrogen oxides (NOx) into molecular nitrogen (N2) and water vapor (H20). The SCR
utilizes a catalyst to increase the NOx removal efficiency, which allows the process to
occur at lower temperatures.

Applies to pressed-glass manufacturing operations, classified under SCC 30101404
and uncontrolled NOx emissions greater than 10 tons per year.

Affected SCC:
30501404 Glass Manufacture, Pressed and Blown Glass: Melting Furnace

Pollutant(s)

PM10 | PM2.5 EC oC NOx VOC S02 NH3 co Hg

\* X

V= po.llutant reduction; X = pollutant increase, * = major pollutant

Control Efficiency: 75% from uncontrolled

Equipment Life: 10 years
Rule Effectiveness: 100%

Penetration:

100%

Cost Basis:

Sources are distinguished by NOx emission levels (Pechan, 1998).

Small source = emission levels less than 1 ton per ozone season day
Large source = emission levels greater than 1 ton per ozone season day

Costs for stationary source NOx control are based on an analysis of EPA's NOx State
Implementation Plan (SIP) Call (Pechan, 1998). From this analysis, default cost per
ton values and a capital to annual cost ratio of 1.3 are assigned. A discount rate of 7
percent and a capacity factor of 65 percent are assumed, along with an equipment
life of 10 years (EPA, 1994).

In general, the incremental default cost is used for sources where there are existing
controls (RACT baseline), with efficiencies less than 70% (Pechan, 2001).

O&M Cost Components: The O&M cost breakdown is estimated by applying
percentages of O&M breakdown for SCR as applied to process heaters, using
detailed information found in Table 6-3 and Chapter 6 of the Process Heater ACT
document. The breakdown was obtained using the O&M costs for a 50 ton per day
furnace.

Electricity: $0.06 per kw-hr
Fuel (nat gas): $2.00 per MMBTU
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Ammonia: $0.125 per Ib

Cost Effectiveness: The cost effectiveness value (for both small and large sources) used in
AirControINET is $2,530 per ton NOx reduced from both uncontrolled and
RACT baselines (19909%).

Comments:

Status: Demonstrated Last Reviewed: 2001

Additional Information:

Selective Catalytic Reduction (SCR) has been widely applied to stationary source, fossil fuel-fired,
combustion units for emission control since the early 1970s. SCR is typically implemented on units
requiring a higher level of NOx control than achievable by SNCR or other combustion controls (EPA,
2002).

Like SNCR, SCR is based on the chemical reduction of the NOx molecule. The primary difference
between SNCR and SCR is that SCR uses a metal-based catalyst to increase the rate of reaction
(EPA, 2002). A nitrogen based reducing reagent, such as ammonia or urea, is injected into the flue
gas. The reagent reacts selectively with the flue gas NOx within a specific temperature range and in
the presence of the catalyst and oxygen to reduce the NOx.

The use of a catalyst results in two advantages of the SCR process over SNCR, the higher NOx
reduction efficiency and the lower and broader temperature ranges. However, the decrease in
reaction temperature and increase in efficiency is accompanied by a significant increase in capital
and operating costs (EPA, 2002). The cost increase is due to the large amount of catalyst required.

The SCR system can utilize either aqueous or anhydrous ammonia as the reagent. Anhydrous
ammonia is a gas at atmospheric pressure and normal temperatures. There are safety issues with
the use of anhydrous ammonia, as it must be transported and stored under pressure (EPA, 2002).
Aqueous ammonia is generally transported and stored at a concentration of 29.4% ammonia in
water.

Today, catalyst formulations include single component, multi-component, or active phase with a
support structure. Most catalyst formulations contain additional compounds or sup-ports, providing
thermal and structural stability or to increase surface area (EPA, 2002).

The rate of reaction determines the amount of NOx removed from the flue gas. The important
design and operational factors that affect the rate of reduction include: reaction temperature range;
residence time available in the optimum temperature range; degree of mixing between the injected
reagent and the combustion gases; uncontrolled NOx concentration level; molar ratio of injected
reagent to uncontrolled NOx; ammonia slip; catalyst activity; catalyst selectivity; pressure drop
across the catalyst; catalyst pitch; catalyst deactivation; and catalyst management (EPA, 2001).

References:

EPA, 1994: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions from
Glass Manufacturing," EPA,-453/R-94-037, Research Triangle Park, NC, June 1994.

EPA, 1993: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air

Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions from
Process Heaters," EPA,-453/R-93-034, Research Triangle Park, NC, September 1993.

Document No. 05.09.009/9010.463 111-147 Report



AT-A-GLANCE TABLE FOR POINT SOURCES

EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and Standards,
"EPA Air Pollution Control Cost Manual," 6th ed., EPA/452/B-02-001, Research Triangle Park, NC,
January 2002.

Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of Air
Quality Planning and Standards, Innovative Strategies and Economics Group, Research Triangle
Park, September 1998.

Pechan, 2001: E.H. Pechan & Associates, Inc., "Revisions to AirControINET, and Particulate Matter

Control Strategies and Cost Analysis," Revised Report, prepared for U.S. Environmental Protection
Agency, Innovative Strategies and Economics Group, Research Triangle Park, September 2001.
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Source Category: Glass Manufacturing - Pressed

Control Measure Name: OXY-Firing
Rule Name: Not Applicable

Pechan Measure Code: N0326S, N03206 POD: 32
Application: This control is the use of OXY-firing to reduce NOx emissions.

This control applies to pressed-glass manufacturing operations with uncontrolled NOx
emissions greater than 10 tons per year.

Affected SCC:
30501404 Glass Manufacture, Pressed and Blown Glass: Melting Furnace

PM10 | PM2.5 EC ocC NOx voC S02 NH3 co Hg

Pollutant(s) "

V= po.IIutant reduction; X = pollutant increase, * = major pollutant
Control Efficiency: 85% from uncontrolled
Equipment Life: 10 years
Rule Effectiveness: 100%
Penetration: 100%

Cost Basis:  The basis of the costs are model plant data contained in the Alternative Control
Techniques (ACT) document (EPA, 1994). Capital and annual cost information is
obtained from control-specific cost data based on tons of glass produced. O&M
costs were back calculated from annual costs. From these determinations, default
cost per ton values were assigned along with a capital to annual cost ratio of 2.7
(Pechan, 1998). A discount rate of 10 percent and a capacity factor of 65 percent
are assumed, along with an equipment lifetime of 10 years (EPA, 1994).

Cost Effectiveness: The default cost effectiveness value is $3,900 per ton NOx reduced from both
uncontrolled and RACT baselines (19909).

Comments:

Status: Demonstrated Last Reviewed: 2001

Additional Information:
The 50 tons per day plant is assumed to be representative of pressed glass plants (Pechan, 1998).

References:

EPA, 1994: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions from
Glass Manufacturing," EPA,-453/R-94-037, Research Triangle Park, NC, June 1994,

EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and Standards,

"EPA Air Pollution Control Cost Manual," 6th ed., EPA/452/B-02-001, Research Triangle Park, NC,
January 2002.
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Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of Air
Quality Planning and Standards, Innovative Strategies and Economics Group, Research Triangle
Park, NC, September 1998.
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Source Category: Highway Vehicles - Gasoline Engine

Control Measure Name: Low Reid Vapor Pressure (RVP) Limit in Ozone Season
Rule Name: Not Applicable

Pechan Measure Code: mOT8 POD: N/A

Application: This control measure represents the use of reformulated gasoline to have a RVP limit
of 7.8 psi from May through September in counties with an ozone season RVP value
greater than 7.8 psi. Emission reduction benefits of NOx, CO, and VOC are estimated
using EPA's MOBILEG model.

This control is applicable to all light duty gasoline vehicles, motor cycles, and trucks.

Affected SCC:

2201001000 Light Duty Gasoline Vehicles (LDGV), Total: All Road Types
2201020000 Light Duty Gasoline Trucks 1 (LDGT1), Total: All Road Types
2201040000 Light Duty Gasoline Trucks 2 (LDGT2), Total: All Road Types
2201070000 Heavy Duty Gasoline Vehicles (HDGV), Total: All Road Types
2201080000 Motorcycles (MC), Total: All Road Types

PM10 | PM2.5 EC oC NOx VOC S02 NH3 co Hg

Pollutant(s) N " N

V= po.llutant reduction; X = pollutant increase, * = major pollutant

Control Efficiency: The control efficiency ranged from: NOx (-1.1 to 0.6%; VOC (0.1 to 11.1%); CO
(0.0 to 6.1%)

Equipment Life: Not Applicable
Rule Effectiveness: Not applicable
Penetration: Not applicable

Cost Basis: The calculate are calculated based of the number of vehicles and amount of fuel
consumed form May through September by county and vehicle type. Costs were
estimated on a per-vehicle basis.

The number of vehicles was estimated by dividing the VMT by the average LDGV
annual mileage accumulation rate. The costs estimated at $0.0036 * 5 /12 per gallon
(Pechan 2002). All costs are $1997.

Cost Effectiveness: The cost effectiveness of a 7.8 RVP limit varies greatly by county. Cost
effectiveness for VOC ranged from $25,671 to $125 per ton. The average C-E
for VOC is $1,548 per ton of VOC reduced (median is $1,560 per ton). All
costs are $1997.

Comments: In some cases this control produces a slight NOx disbenefit.

Status: Demonstrated Last Reviewed: 2002

Additional Information:

References:

Pechan 2002: "AirControINET Specifications and Methods for Mobile Source Controls" Memo
prepared for Larry Sorrels of the US EPA, December 2002.
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Source Category: Highway Vehicles - Heavy Duty and Diesel-Fueled Vehicles

Control Measure Name: Heavy Duty Engine and Vehicle Standards and Highway Diesel Fuel Sulfur

Application:

Controls

Rule Name: Heavy Duty Engine and Vehicle Standards and Highway Diesel Fuel Sulfur
Standards

Pechan Measure Code: HDD10 POD: N/A

This control measure represents the application of EPA’s heavy duty engine and
vehicle standards and highway diesel fuel sulfur control requirements in 1999.
Emissions reduction benefits of NOX, PM10, PM2.5, VOC, CO and SO2 are estimated
using EPA’s MOBILE6 model.

This control is applicable to all heavy duty diesel vehicles beginning with the 2007
model year, and all heavy duty gasoline vehicles beginning with the 2008 model year.
Light duty gasoline vehicles and motorcycles are not affected by this control.

Affected SCC:

2201070000 Heavy Duty Gasoline Vehicles (HDGV), Total: All Road Types
2230070000 Heavy Duty Diesel Vehicles (HDDV), Total: All Road Types
2230001000 Light Duty Diesel Vehicles (LDDV), Total: All Road Types
2230060000 Light Duty Diesel Trucks (LDDT), Total: All Road Types

Pollutant(s)

PM10 | PM2.5 EC oC NOx VOC S02 NH3 co Hg

N v | v y

V= po-llutant reduction; X = pollutant increase, * = major pollutant

Control Efficiency: The control efficiencies varies for each vehicle type:

HDG: PM2.5 (11%); PM10 (9%); NOx (19%); VOC (2%); SO2 (1%): CO (5%)
HDD: PM2.5 (19%); PM10 (18%); NOx (33%); VOC (12%); SO2 (97%); CO
(22%)

LDD: PM2.5 (2-4%); PM10 (2-4%); NOx (0%); VOC (0%); SO2 (97%): CO (0%)

Equipment Life: Not Applicable
Rule Effectiveness: 100%

Penetration:

100%

Cost Basis:

To calculate costs for the heavy duty engine and vehicle standards, an estimate was
made of the number of vehicles affected by the control. The number of vehicles was
estimated by dividing the VMT by the average annual mileage accumulation rate for
each affected vehicle type and model year. The costs for the heavy duty engine and
vehicle standards are estimated at $1,940.92 per heavy duty gasoline vehicle and
$2,712.89 per heavy duty diesel vehicle (EPA, 2000). All costs are in 1999 dollars.

The costs for the highway diesel fuel sulfur controls were applied to all gallons of
diesel fuel used by the affected vehicles (LDDV, LDDT, and HDDV). Low sulfur

diesel fuel is estimated to cost an additional $0.05 per gallon of diesel fuel (EPA,
2000). All costs are in 1999 dollars.

Cost Effectiveness: The cost effectiveness of the heavy duty engine and vehicle standards and

highway diesel fuel sulfur controls varies greatly by county and depends mostly
on the number of vehicles and the year modeled. Cost effectiveness ranged
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from $2,414 to $22,859 per ton NOx reduced. The average value used in
AirControINET is $9,301.05 per ton NOx reduced. All costs are $1999.

Comments:

Status: Demonstrated Last Reviewed: 2003

Additional Information:

References:

EPA, 2000: U.S. Environmental Protection Agency, "Regulatory Impact Analysis: Control of
Emissions of Air Pollution from Highway Heavy-Duty Engines." EPA420-R-00-010, July 2000.
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Source Category: Highway Vehicles - Heavy Duty and Diesel-Fueled Vehicles

Control Measure Name: Heavy Duty Engine and Vehicle Standards and Highway Diesel Fuel Sulfur

Application:

Controls

Rule Name: Heavy Duty Engine and Vehicle Standards and Highway Diesel Fuel Sulfur
Standards

Pechan Measure Code: HDD15 POD: N/A

This control measure represents the application of EPA’s heavy duty engine and
vehicle standards and highway diesel fuel sulfur control requirements in 1999.
Emissions reduction benefits of NOX, PM10, PM2.5, VOC, CO and SO2 are estimated
using EPA’s MOBILE6 model.

This control is applicable to all heavy duty diesel vehicles beginning with the 2007
model year, and all heavy duty gasoline vehicles beginning with the 2008 model year.
Light duty gasoline vehicles and motorcycles are not affected by this control.

Affected SCC:

2201070000 Heavy Duty Gasoline Vehicles (HDGV), Total: All Road Types
2230070000 Heavy Duty Diesel Vehicles (HDDV), Total: All Road Types
2230001000 Light Duty Diesel Vehicles (LDDV), Total: All Road Types
2230060000 Light Duty Diesel Trucks (LDDT), Total: All Road Types

Pollutant(s)

PM10 | PM2.5 EC oC NOx VOC S02 NH3 co Hg

N v | v y

V= po-llutant reduction; X = pollutant increase, * = major pollutant

Control Efficiency: The control efficiencies varies for each vehicle type:

HDG: PM2.5 (25%); PM10 (21%); NOx (44%); VOC (11%); SO2 (99%); CO
(13%)

HDD: PM2.5 (39%); PM10 (37%); NOx (68%); VOC (26%); SO2 (97%); CO
(41%)

LDD: PM2.5 (2-4%); PM10 (2-4%); NOx (0%); VOC (0%); SO2 (97%); CO (0%)

Equipment Life: Not Applicable
Rule Effectiveness: 100%

Penetration:

100%

Cost Basis:

To calculate costs for the heavy duty engine and vehicle standards, an estimate was
made of the number of vehicles affected by the control. The number of vehicles was
estimated by dividing the VMT by the average annual mileage accumulation rate for
each affected vehicle type and model year. The costs for the heavy duty engine and
vehicle standards are estimated at $1,940.92 per heavy duty gasoline vehicle and
$2,712.89 per heavy duty diesel vehicle (EPA, 2000). All costs are in 1999 dollars.

The costs for the highway diesel fuel sulfur controls were applied to all gallons of
diesel fuel used by the affected vehicles (LDDV, LDDT, and HDDV). Low sulfur

diesel fuel is estimated to cost an additional $0.05 per gallon of diesel fuel (EPA,
2000). All costs are in 1999 dollars.

Cost Effectiveness: The cost effectiveness of the heavy duty engine and vehicle standards and

highway diesel fuel sulfur controls varies greatly by county and depends mostly
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on the number of vehicles and the year modeled. Cost effectiveness ranged
from $1,926 to $26,499 per ton NOx reduced. The average value is
$10,560.58 per ton NOx reduced. All costs are $1999.

Comments:

Status: Demonstrated Last Reviewed: 2003

Additional Information:

References:

EPA, 2000: U.S. Environmental Protection Agency, "Regulatory Impact Analysis: Control of
Emissions of Air Pollution from Highway Heavy-Duty Engines." EPA420-R-00-010, July 2000.
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Source Category: Highway Vehicles - Heavy Duty and Diesel-Fueled Vehicles

Control Measure Name: Heavy Duty Engine and Vehicle Standards and Highway Diesel Fuel Sulfur

Application:

Controls

Rule Name: Heavy Duty Engine and Vehicle Standards and Highway Diesel Fuel Sulfur
Standards

Pechan Measure Code: HDD20 POD: N/A

This control measure represents the application of EPA’s heavy duty engine and
vehicle standards and highway diesel fuel sulfur control requirements in 1999.
Emissions reduction benefits of NOX, PM10, PM2.5, VOC, CO and SO2 are estimated
using EPA’s MOBILE6 model.

This control is applicable to all heavy duty diesel vehicles beginning with the 2007
model year, and all heavy duty gasoline vehicles beginning with the 2008 model year.
Light duty gasoline vehicles and motorcycles are not affected by this control.

Affected SCC:

2201070000 Heavy Duty Gasoline Vehicles (HDGV), Total: All Road Types
2230070000 Heavy Duty Diesel Vehicles (HDDV), Total: All Road Types
2230001000 Light Duty Diesel Vehicles (LDDV), Total: All Road Types
2230060000 Light Duty Diesel Trucks (LDDT), Total: All Road Types

Pollutant(s)

PM10 | PM2.5 EC oC NOx VOC S02 NH3 co Hg

N v | v y

V= po-llutant reduction; X = pollutant increase, * = major pollutant

Control Efficiency: The control efficiencies varies for each vehicle type:

HDG: PM2.5 (32%); PM10 (28%); NOx (61%); VOC (21%); SO2 (100%); CO
(19%)

HDD: PM2.5 (70%); PM10 (67%); NOx (85%); VOC (43%); SO2 (97%); CO
(66%)

LDD: PM2.5 (2-4%); PM10 (2-4%); NOx (0%); VOC (0%); SO2 (97%); CO (0%)

Equipment Life: Not Applicable
Rule Effectiveness: 100%

Penetration:

100%

Cost Basis:

To calculate costs for the heavy duty engine and vehicle standards, an estimate was
made of the number of vehicles affected by the control. The number of vehicles was
estimated by dividing the VMT by the average annual mileage accumulation rate for
each affected vehicle type and model year. The costs for the heavy duty engine and
vehicle standards are estimated at $1,940.92 per heavy duty gasoline vehicle and
$2,712.89 per heavy duty diesel vehicle (EPA, 2000). All costs are in 1999 dollars.

The costs for the highway diesel fuel sulfur controls were applied to all gallons of
diesel fuel used by the affected vehicles (LDDV, LDDT, and HDDV). Low sulfur

diesel fuel is estimated to cost an additional $0.05 per gallon of diesel fuel (EPA,
2000). All costs are in 1999 dollars.

Cost Effectiveness: The cost effectiveness of the heavy duty engine and vehicle standards and

highway diesel fuel sulfur controls varies greatly by county and depends mostly
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on the number of vehicles and the year modeled. Cost effectiveness ranged
from $2,131 to $29,408 per ton NOx reduced. The average value is
$11,955.65 per ton NOx reduced. All costs are $1999.

Comments:

Status: Demonstrated Last Reviewed: 2003

Additional Information:

References:

EPA, 2000: U.S. Environmental Protection Agency, "Regulatory Impact Analysis: Control of
Emissions of Air Pollution from Highway Heavy-Duty Engines." EPA420-R-00-010, July 2000.
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Source Category: Highway Vehicles - Heavy Duty and Diesel-Fueled Vehicles

Control Measure Name: Heavy Duty Engine and Vehicle Standards and Highway Diesel Fuel Sulfur

Application:

Controls

Rule Name: Heavy Duty Engine and Vehicle Standards and Highway Diesel Fuel Sulfur
Standards

Pechan Measure Code: HDD30 POD: N/A

This control measure represents the application of EPA’s heavy duty engine and
vehicle standards and highway diesel fuel sulfur control requirements in 1999.
Emissions reduction benefits of NOX, PM10, PM2.5, VOC, CO and SO2 are estimated
using EPA’s MOBILE6 model.

This control is applicable to all heavy duty diesel vehicles beginning with the 2007
model year, and all heavy duty gasoline vehicles beginning with the 2008 model year.
Light duty gasoline vehicles and motorcycles are not affected by this control.

Affected SCC:

2201070000 Heavy Duty Gasoline Vehicles (HDGV), Total: All Road Types
2230070000 Heavy Duty Diesel Vehicles (HDDV), Total: All Road Types
2230001000 Light Duty Diesel Vehicles (LDDV), Total: All Road Types
2230060000 Light Duty Diesel Trucks (LDDT), Total: All Road Types

Pollutant(s)

PM10 | PM2.5 EC oC NOx VOC S02 NH3 co Hg

N v | v y

V= po-llutant reduction; X = pollutant increase, * = major pollutant

Control Efficiency: The control efficiencies varies for each vehicle type:

HDG: PM2.5 (53%); PM10 (52%); NOx (76%); VOC (61%); SO2 (103%); CO
(63%)

HDD: PM2.5 (91%); PM10 (87%); NOx (95%); VOC (63%); SO2 (97%); CO
(91%)

LDD: PM2.5 (2-4%); PM10 (2-4%); NOx (0%); VOC (0%); SO2 (97%); CO (0%)

Equipment Life: Not Applicable
Rule Effectiveness: 100%

Penetration:

100%

Cost Basis:

To calculate costs for the heavy duty engine and vehicle standards, an estimate was
made of the number of vehicles affected by the control. The number of vehicles was
estimated by dividing the VMT by the average annual mileage accumulation rate for
each affected vehicle type and model year. The costs for the heavy duty engine and
vehicle standards are estimated at $1,940.92 per heavy duty gasoline vehicle and
$2,712.89 per heavy duty diesel vehicle (EPA, 2000). All costs are in 1999 dollars.

The costs for the highway diesel fuel sulfur controls were applied to all gallons of
diesel fuel used by the affected vehicles (LDDV, LDDT, and HDDV). Low sulfur

diesel fuel is estimated to cost an additional $0.05 per gallon of diesel fuel (EPA,
2000). All costs are in 1999 dollars.

Cost Effectiveness: The cost effectiveness of the heavy duty engine and vehicle standards and

highway diesel fuel sulfur controls varies greatly by county and depends mostly
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on the number of vehicles and the year modeled. Cost effectiveness ranged
from $2,229 to $38,254 per ton NOx reduced. The average value is
$16,108.48 per ton NOx reduced. All costs are $1999.

Comments:

Status: Demonstrated Last Reviewed: 2003

Additional Information:

References:

EPA, 2000: U.S. Environmental Protection Agency, "Regulatory Impact Analysis: Control of
Emissions of Air Pollution from Highway Heavy-Duty Engines." EPA420-R-00-010, July 2000.
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Source Category: Highway Vehicles - Heavy Duty Diesel Engines

Control Measure Name: Voluntary Diesel Retrofit Program: Selective Catalytic Reduction
Rule Name: Not Applicable

Pechan Measure Code: HDR399 POD:

Application: This control measure represents the application of EPA’s voluntary diesel retrofit
program through the use of selective catalytic reduction as a retrofit technology in
1999. Emissions reduction benefits of NOX, CO, VOC, PM10, PM2.5, and SO2 are
estimated using EPA’s MOBILE6 model and independent research on the percent
reductions yielded by this control measure.

This control is applicable to all heavy duty diesel vehicles. Light duty and gasoline-
fueled vehicles are not affected by this control.

Affected SCC:
2230070000 Heavy Duty Diesel Vehicles (HDDV), Total: All Road Types

PM10 | PM2.5 EC oC NOx VOC S02 NH3 co Hg

Pollutant(s)

v N ¢

V= po.llutant reduction; X = pollutant increase, * = major pollutant

Control Efficiency: The control efficiency varies by pollutant: NOx (75%); PM10 (19.26%); PM2.5
(19.8%); VOC (70%); SO2 (97%); CO (70%)

Equipment Life: Not Applicable
Rule Effectiveness: 100%
Penetration: 100%

Cost Basis:  To calculate costs for the use of selective catalytic reduction as a retrofit technology,
the assumption was made that all relevant vehicles would be affected by the control.
Therefore, all heavy duty diesel vehicles were assumed to employ selective catalytic
reduction as a retrofit technology through the voluntary diesel retrofit program. The
average cost of a selective catalytic reduction system ranges from $10,000 to
$20,000 per vehicle depending on the size of the engine, the sales volume, and other
factors (Pechan, 2003). For this AirControINET analysis, the average estimated cost
of this system is $15,000 per heavy duty diesel vehicle.

Selective catalytic reduction requires the use of low sulfur diesel fuel. The costs for
the low sulfur diesel fuel were applied to all gallons of diesel fuel used by the heavy
duty diesel vehicles. Low sulfur diesel fuel is estimated to cost an additional $0.05
per gallon of diesel (EPA, 2000). All costs are in 1999 dollars.

Cost Effectiveness: The cost effectiveness of selective catalytic reduction varies greatly by county
and depends mostly on the number of vehicles. Cost effectiveness for NOX fell
within the following range: $13,499 to $56,474 per ton NOx reduced. The
average cost effectiveness used in AirControlNET is $50,441.54 per ton NOX
reduced. All costs are in $1999.

Comments:
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Status: Demonstrated Last Reviewed: 2003

Additional Information:

References:

EPA, 2000: U.S. Environmental Protection Agency, "Regulatory Impact Analysis: Control of
Emissions of Air Pollution from Highway Heavy-Duty Engines." EPA420-R-00-010, July 2000.

Pechan, 2003. E.H. Pechan & Associates, Inc., "Methodology to Implement Voluntary Diesel
Retrofit Program in AirControINET," Memo prepared for Tyler Fox of the US EPA, July 2003.
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Source Category: Highway Vehicles - Light Duty and Gasoline-Fueled Vehicles

Control Measure Name: Tier 2 Motor Vehicle Emissions and Gasoline Sulfur Controls
Rule Name: Tier 2 Motor Vehicle Emissions and Gasoline Sulfur Standards

Pechan Measure Code: T210 POD: N/A

Application: This control measure represents the application of EPA’s Tier 2 motor vehicle
emissions and gasoline fuel sulfur control requirements in 1999. Emissions reduction
benefits of NOX, PM10-2.5, PM2.5, VOC, CO and SO2 are estimated using EPA’s
MOBILE6 model.

This control is applicable to all light duty vehicles beginning with the 2004 model year,
and all gasoline vehicles beginning with the 1981 model year. Heavy duty diesel
vehicles and motorcycles are not affected by this control.

Affected SCC:

2201001000 Light Duty Gasoline Vehicles (LDGV), Total: All Road Types
2201020000 Light Duty Gasoline Trucks 1 (LDGT1), Total: All Road Types
2201040000 Light Duty Gasoline Trucks 2 (LDGT2), Total: All Road Types
2201070000 Heavy Duty Gasoline Vehicles (HDGV), Total: All Road Types
2230001000 Light Duty Diesel Vehicles (LDDV), Total: All Road Types
2230060000 Light Duty Diesel Trucks (LDDT), Total: All Road Types

PM10 | PM2.5 EC oC NOx VOC S02 NH3 co Hg

Pollutant(s)

v N y

V= po-IIutant reduction; X = pollutant increase, * = major pollutant

Control Efficiency: The control efficiencies varies for each vehicle type:
LDG: PM2.5 (23-32%); PM10 (15-19%); NOx (28-40%); VOC (12-23%); SO2
(90%); CO (13-25%)
HDG: PM2.5 (8%); PM10 (6%); NOx (2%); VOC (5%); SO2 (90%); CO (4%)
LDD: PM2.5 (4-27%); PM10 (4-26%); NOx (7-35%); VOC (3-26%); SO2 (0%);
CO (2-21%)

Equipment Life: Not Applicable

Rule Effectiveness: 100%

Penetration: 100%

Cost Basis:  To calculate costs for the Tier 2 motor vehicle emissions standards, an estimate was
made of the number of vehicles affected by the control. The number of vehicles was
estimated by dividing the VMT by the average annual mileage accumulation rate for
each affected vehicle type and model year. The costs for the Tier 2 motor vehicle
emissions standards are estimated at $82.43 per light duty gasoline vehicle and light
duty diesel truck, $116.66 per light duty gasoline truck 1, $210.51 per light duty diesel
truck, and $252.90 per light duty gasoline truck 2 (EPA, 1999). All costs are in 1999
dollars.

The costs for the gasoline fuel sulfur controls were applied to all gallons of gasoline
fuel used by the affected vehicles (LDGV, LDGT1, LDGT2, HDGV). Low sulfur
gasoline fuel is estimated to cost an additional $0.0193 per gallon of gasoline (EPA,
1999). All costs are in 1999 dollars.
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Cost Effectiveness: The cost effectiveness of the Tier 2 motor vehicle emissions and gasoline fuel
sulfur control requirements varies greatly by county and depends mostly on the
number of vehicles and the year modeled. Cost effectiveness ranged from
$1,108 to $11,221 per ton NOx reduced. The average value used in
AirControINET is $6,269.63 per ton NOx reduced. All costs are $1999.

Comments:

Status: Demonstrated Last Reviewed: 2003

Additional Information:

References:

EPA, 1999: U.S. Environmental Protection Agency, "Regulatory Impact Analysis - Control of Air
Pollution from New Motor Vehicles: Tier 2 Motor Vehicle Emissions Standards and Gasoline Sulfur
Control Requirements," EPA420-R-99-023, December 1999.
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Source Category: Highway Vehicles - Light Duty and Gasoline-Fueled Vehicles

Control Measure Name: Tier 2 Motor Vehicle Emissions and Gasoline Sulfur Controls

Application:

Rule Name: Tier 2 Motor Vehicle Emissions and Gasoline Sulfur Standards

Pechan Measure Code: T215 POD: N/A

This control measure represents the application of EPA’s Tier 2 motor vehicle
emissions and gasoline fuel sulfur control requirements in 1999. Emissions reduction
benefits of NOX, PM10-2.5, PM2.5, VOC, CO and SO2 are estimated using EPA’s
MOBILE6 model.

This control is applicable to all light duty vehicles beginning with the 2004 model year,
and all gasoline vehicles beginning with the 1981 model year. Heavy duty diesel
vehicles and motorcycles are not affected by this control.

Affected SCC:

2201001000 Light Duty Gasoline Vehicles (LDGV), Total: All Road Types
2201020000 Light Duty Gasoline Trucks 1 (LDGT1), Total: All Road Types
2201040000 Light Duty Gasoline Trucks 2 (LDGT2), Total: All Road Types
2201070000 Heavy Duty Gasoline Vehicles (HDGV), Total: All Road Types
2230001000 Light Duty Diesel Vehicles (LDDV), Total: All Road Types
2230060000 Light Duty Diesel Trucks (LDDT), Total: All Road Types

Pollutant(s)

PM10 | PM2.5 EC oC NOx VOC S02 NH3 co Hg

v N y

V= po-llutant reduction; X = pollutant increase, * = major pollutant

Control Efficiency: The control efficiencies varies for each vehicle type:

LDG: PM2.5 (25-35%); PM10 (16-21%); NOx (43-66%); VOC (21-43%); SO2
(90%); CO (20-41%)

HDG: PM2.5 (12%); PM10 (10%); NOx (9%); VOC (8%); SO2 (90%); CO (6%)
LDD: PM2.5 (6-45%); PM10 (6-43%); NOx (11-49%); VOC (7-42%); SO2 (0%);
CO (4-33%)

Equipment Life: Not Applicable
Rule Effectiveness: 100%

Penetration:

100%

Cost Basis:

To calculate costs for the Tier 2 motor vehicle emissions standards, an estimate was
made of the number of vehicles affected by the control. The number of vehicles was
estimated by dividing the VMT by the average annual mileage accumulation rate for
each affected vehicle type and model year. The costs for the Tier 2 motor vehicle
emissions standards are estimated at $82.43 per light duty gasoline vehicle and light
duty diesel truck, $116.66 per light duty gasoline truck 1, $210.51 per light duty diesel
truck, and $252.90 per light duty gasoline truck 2 (EPA, 1999). All costs are in 1999
dollars.

The costs for the gasoline fuel sulfur controls were applied to all gallons of gasoline
fuel used by the affected vehicles (LDGV, LDGT1, LDGT2, HDGV). Low sulfur
gasoline fuel is estimated to cost an additional $0.0193 per gallon of gasoline (EPA,
1999). All costs are in 1999 dollars.

Document No. 05.09.009/9010.463 111-164 Report




AT-A-GLANCE TABLE FOR MOBILE SOURCES

Cost Effectiveness: The cost effectiveness of the Tier 2 motor vehicle emissions and gasoline fuel
sulfur control requirements varies greatly by county and depends mostly on the
number of vehicles and the year modeled. Cost effectiveness ranged from
$1,188 to $12,609 per ton NOx reduced. The average value used in
AirControINET is $6,135.41 per ton NOx reduced. All costs are $1999.

Comments:

Status: Demonstrated Last Reviewed: 2003

Additional Information:

References:

EPA, 1999: U.S. Environmental Protection Agency, "Regulatory Impact Analysis - Control of Air
Pollution from New Motor Vehicles: Tier 2 Motor Vehicle Emissions Standards and Gasoline Sulfur
Control Requirements," EPA420-R-99-023, December 1999.
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Source Category: Highway Vehicles - Light Duty and Gasoline-Fueled Vehicles

Control Measure Name: Tier 2 Motor Vehicle Emissions and Gasoline Sulfur Controls
Rule Name: Tier 2 Motor Vehicle Emissions and Gasoline Sulfur Standards

Pechan Measure Code: T220 POD: N/A

Application: This control measure represents the application of EPA’s Tier 2 motor vehicle
emissions and gasoline fuel sulfur control requirements in 1999. Emissions reduction
benefits of NOX, PM10-2.5, PM2.5, VOC, CO and SO2 are estimated using EPA’s
MOBILE6 model.

This control is applicable to all light duty vehicles beginning with the 2004 model year,
and all gasoline vehicles beginning with the 1981 model year. Heavy duty diesel
vehicles and motorcycles are not affected by this control.

Affected SCC:

2201001000 Light Duty Gasoline Vehicles (LDGV), Total: All Road Types
2201020000 Light Duty Gasoline Trucks 1 (LDGT1), Total: All Road Types
2201040000 Light Duty Gasoline Trucks 2 (LDGT2), Total: All Road Types
2201070000 Heavy Duty Gasoline Vehicles (HDGV), Total: All Road Types
2230001000 Light Duty Diesel Vehicles (LDDV), Total: All Road Types
2230060000 Light Duty Diesel Trucks (LDDT), Total: All Road Types

PM10 | PM2.5 EC oC NOx VOC S02 NH3 co Hg

Pollutant(s)

v N y

V= po-llutant reduction; X = pollutant increase, * = major pollutant

Control Efficiency: The control efficiencies varies for each vehicle type:
LDG: PM2.5 (30-39%); PM10 (17-23%); NOx (52-77%); VOC (36-65%); SO2
(90%); CO (30-56%)
HDG: PM2.5 (14%); PM10 (12%); NOx (13%); VOC (11%); SO2 (90%); CO (8%)
LDD: PM2.5 (30-58%); PM10 (29-54%); NOx (40-61%); VOC (30-55%); SO2 (0-
4%); CO (7-41%)

Equipment Life: Not Applicable

Rule Effectiveness: 100%

Penetration: 100%

Cost Basis:  To calculate costs for the Tier 2 motor vehicle emissions standards, an estimate was
made of the number of vehicles affected by the control. The number of vehicles was
estimated by dividing the VMT by the average annual mileage accumulation rate for
each affected vehicle type and model year. The costs for the Tier 2 motor vehicle
emissions standards are estimated at $82.43 per light duty gasoline vehicle and light
duty diesel truck, $116.66 per light duty gasoline truck 1, $210.51 per light duty diesel
truck, and $252.90 per light duty gasoline truck 2 (EPA, 1999). All costs are in 1999
dollars.

The costs for the gasoline fuel sulfur controls were applied to all gallons of gasoline
fuel used by the affected vehicles (LDGV, LDGT1, LDGT2, HDGV). Low sulfur
gasoline fuel is estimated to cost an additional $0.0193 per gallon of gasoline (EPA,
1999). All costs are in 1999 dollars.
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Cost Effectiveness: The cost effectiveness of the Tier 2 motor vehicle emissions and gasoline fuel
sulfur control requirements varies greatly by county and depends mostly on the
number of vehicles and the year modeled. Cost effectiveness ranged from
$1,464 to $16,235 per ton NOx reduced. The average value used in
AirControINET is $6,933.40 per ton NOx reduced. All costs are $1999.

Comments:

Status: Demonstrated Last Reviewed: 2003

Additional Information:

References:

EPA, 1999: U.S. Environmental Protection Agency, "Regulatory Impact Analysis - Control of Air
Pollution from New Motor Vehicles: Tier 2 Motor Vehicle Emissions Standards and Gasoline Sulfur
Control Requirements," EPA420-R-99-023, December 1999.
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Source Category: Highway Vehicles - Light Duty and Gasoline-Fueled Vehicles

Control Measure Name: Tier 2 Motor Vehicle Emissions and Gasoline Sulfur Controls
Rule Name: Tier 2 Motor Vehicle Emissions and Gasoline Sulfur Standards

Pechan Measure Code: T230 POD: N/A

Application: This control measure represents the application of EPA’s Tier 2 motor vehicle
emissions and gasoline fuel sulfur control requirements in 1999. Emissions reduction
benefits of NOX, PM10-2.5, PM2.5, VOC, CO and SO2 are estimated using EPA’s
MOBILE6 model.

This control is applicable to all light duty vehicles beginning with the 2004 model year,
and all gasoline vehicles beginning with the 1981 model year. Heavy duty diesel
vehicles and motorcycles are not affected by this control.

Affected SCC:

2201001000 Light Duty Gasoline Vehicles (LDGV), Total: All Road Types
2201020000 Light Duty Gasoline Trucks 1 (LDGT1), Total: All Road Types
2201040000 Light Duty Gasoline Trucks 2 (LDGT2), Total: All Road Types
2201070000 Heavy Duty Gasoline Vehicles (HDGV), Total: All Road Types
2230001000 Light Duty Diesel Vehicles (LDDV), Total: All Road Types
2230060000 Light Duty Diesel Trucks (LDDT), Total: All Road Types

PM10 | PM2.5 EC oC NOx VOC S02 NH3 co Hg

Pollutant(s)

v N y

V= po-llutant reduction; X = pollutant increase, * = major pollutant

Control Efficiency: The control efficiencies varies for each vehicle type:
LDG: PM2.5 (32-58%); PM10 (18-43%); NOx (74-92%); VOC (83-88%); SO2
(90%); CO (63-73%)
HDG: PM2.5 (38%); PM10 (34%); NOx (42%); VOC (35%); SO2 (94%); CO
(10%)
LDD: PM2.5 (61-93%); PM10 (58-89%); NOx (65-98%); VOC (60-90%); SO2 (0-
15%); CO (45-46%)

Equipment Life: Not Applicable

Rule Effectiveness: 100%

Penetration: 100%

Cost Basis:  To calculate costs for the Tier 2 motor vehicle emissions standards, an estimate was
made of the number of vehicles affected by the control. The number of vehicles was
estimated by dividing the VMT by the average annual mileage accumulation rate for
each affected vehicle type and model year. The costs for the Tier 2 motor vehicle
emissions standards are estimated at $82.43 per light duty gasoline vehicle and light
duty diesel truck, $116.66 per light duty gasoline truck 1, $210.51 per light duty diesel
truck, and $252.90 per light duty gasoline truck 2 (EPA, 1999). All costs are in 1999
dollars.

The costs for the gasoline fuel sulfur controls were applied to all gallons of gasoline
fuel used by the affected vehicles (LDGV, LDGT1, LDGT2, HDGV). Low sulfur
gasoline fuel is estimated to cost an additional $0.0193 per gallon of gasoline (EPA,
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1999). All costs are in 1999 dollars.

Cost Effectiveness: The cost effectiveness of the Tier 2 motor vehicle emissions and gasoline fuel
sulfur control requirements varies greatly by county and depends mostly on the
number of vehicles and the year modeled. Cost effectiveness ranged from
$2,050 to $15,228 per ton NOx reduced. The average value used in
AirControINET is $8,542.46 per ton NOx reduced. All costs are $1999.

Comments:

Status: Demonstrated Last Reviewed: 2003

Additional Information:

References:

EPA, 1999: U.S. Environmental Protection Agency, "Regulatory Impact Analysis - Control of Air
Pollution from New Motor Vehicles: Tier 2 Motor Vehicle Emissions Standards and Gasoline Sulfur
Control Requirements," EPA420-R-99-023, December 1999.
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Source Category: Highway Vehicles - Light Duty Gasoline Engines

Control Measure Name: High Enhanced Inspection and Maintenance (I/M) Program
Rule Name: Not Applicable

Pechan Measure Code: mOT3 POD: N/A

Application: This control measure represents the application of EPA’s high enhanced I/M
performance standards to light duty gasoline vehicles in counties that do not have this
requirement implemented in 1999. Emission reduction benefits of NOx, CO, and VOC
are estimated using EPA's MOBILE6 model.

This control is applicable to all light duty gasoline vehicles, motor cycles, and trucks.

Affected SCC:

2201001000 Light Duty Gasoline Vehicles (LDGV), Total: All Road Types
2201020000 Light Duty Gasoline Trucks 1 (LDGT1), Total: All Road Types
2201040000 Light Duty Gasoline Trucks 2 (LDGT2), Total: All Road Types

PM10 | PM2.5 EC ocC NOx vocC S02 NH3 co Hg

Pollutant(s) " N N

V= po.llutant reduction; X = pollutant increase, * = major pollutant

Control Efficiency: The control efficiency ranged from: NOx (0.4 to 13.4%; VOC (1.8 to 19.8%); CO
(0.7 t0 26.1%)

Equipment Life: Not Applicable
Rule Effectiveness: Not applicable
Penetration: Not applicable

Cost Basis:  To calculate costs for high enhanced I/M, an estimate was made of the number of
vehicles and amount of fuel consumed by county and vehicle type. Costs were
estimated on a per-vehicle basis.

The number of vehicles was estimated by dividing the VMT by the average LDGV
annual mileage accumulation rate. The costs are for enhanced I/M is estimated at $
17.95 per vehicle inspected and $11.43 per vehicle inspected in counties with current
basic or low I/M program (Pechan 2002). All costs are $1997.

Cost Effectiveness: The cost effectiveness of an enhanced I/M program varies greatly by county
and depends mostly on the number of vehicles and the current I/M
requirements for light duty vehicles in each county. Cost effectiveness for NOx
ranged from $218,369 to $3,900 per ton. The average C-E for NOx is $7,949
per ton of NOx reduced (median is $6,721 per ton). All costs are $1997.

Comments:

Status: Demonstrated Last Reviewed: 2002

Additional Information:

References:

Pechan 2002: "AirControINET Specifications and Methods for Mobile Source Controls" Memo
prepared for Larry Sorrels of the US EPA, December 2002.
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Source Category: IC Engines - Gas

Control Measure Name: L-E (Low Speed)
Rule Name: Not Applicable

Pechan Measure Code: N02211 POD: 22
Application: This control is the application of L-E (Low Speed) technology to reduce NOx emissions.

This control applies to gasoline powered IC engines with uncontrolled NOx emissions
greater than 10 tons per year.

Affected SCC:

20200202 Industrial, Natural Gas, Reciprocating
20200204 Natural Gas, Reciprocating: Cogeneration
20300201 Natural Gas, Reciprocating

20300204 Natural Gas, Cogeneration

PM10 | PM2.5 EC oC NOx VOC S02 NH3 co Hg

Pollutant(s)
\/*

\ = pollutant reduction; X = pollutant increase, * = major pollutant
Control Efficiency: 87% from uncontrolled
Equipment Life: 15 years
Rule Effectiveness: 100%
Penetration: 100%

Cost Basis:  Cost equations for stationary source NOx control are based on an analysis of EPA's
NOx State Implementation Plan (SIP) Call (Pechan-Avanti, 1998). A capital cost to
annual cost ratio based upon information provided in the respective Alternative
Control Techniques (ACT) document is also assigned (EPA, 1993). In cases where
the default cost per ton value of 4.3 was applied, a default capital and operating and
maintenance cost could also be determined. A discount rate of 7% and a capacity
factor of 65% were assumed for all sources. The equipment life of 15 years is also
assumed.

In general, the incremental default cost is used for sources where there are existing
controls (RACT baseline), with efficiencies less than or equal to 25% (Pechan, 2001).

Cost Effectiveness: The default cost effectiveness value is $176 per ton NOx reduced from both
uncontrolled and RACT baselines (1990$).

Comments:

Status: Demonstrated Last Reviewed: 2001

Additional Information:

References:

EPA, 1993: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions from
Stationary Reciprocating Internal Combustion Engines," EPA,-453/R-93-032, Research Triangle
Park, NC, July 1993
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Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of Air
Quality Planning and Standards, Innovative Strategies and Economics Group, Research Triangle
Park, September 1998.

Pechan, 2001: E.H. Pechan & Associates, Inc., "Revisions to AirControINET, and Particulate Matter
Control Strategies and Cost Analysis," Revised Report, prepared for U.S. Environmental Protection
Agency, Innovative Strategies and Economics Group, Research Triangle Park, September 2001.8.
.EPA, 1993: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions from
Stationary Reciprocating Internal Combustion Engines," EPA,-453/R-93-032, Research Triangle
Park, NC, July 1993

Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of Air
Quality Planning and Standards, Innovative Strategies and Economics Group, Research Triangle
Park, September 1998.

Pechan, 2001: E.H. Pechan & Associates, Inc., "Revisions to AirControINET, and Particulate Matter
Control Strategies and Cost Analysis," Revised Report, prepared for U.S. Environmental Protection
Agency, Innovative Strategies and Economics Group, Research Triangle Park, September 2001.8.
.EPA, 1993: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions from
Stationary Reciprocating Internal Combustion Engines," EPA,-453/R-93-032, Research Triangle
Park, NC, July 1993

Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of Air
Quality Planning and Standards, Innovative Strategies and Economics Group, Research Triangle
Park, September 1998.

Pechan, 2001: E.H. Pechan & Associates, Inc., "Revisions to AirControINET, and Particulate Matter

Control Strategies and Cost Analysis," Revised Report, prepared for U.S. Environmental Protection
Agency, Innovative Strategies and Economics Group, Research Triangle Park, September 2001.8.
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Source Category: IC Engines - Gas - Small Sources

Control Measure Name: Selective Catalytic Reduction (SCR)
Rule Name: Not Applicable

Pechan Measure Code: N(02212 POD: 22

Application: This control is the selective catalytic reduction of NOx through add-on controls. SCR
controls are post-combustion control technologies based on the chemical reduction of
nitrogen oxides (NOx) into molecular nitrogen (N2) and water vapor (H20). The SCR
utilizes a catalyst to increase the NOx removal efficiency, which allows the process to
occur at lower temperatures.

Applies to small (<4,000 HP) gas-fired IC engines with uncontrolled NOx emissions
greater than 10 tons per year.

Affected SCC:

20200202 Industrial, Natural Gas, Reciprocating
20200204 Natural Gas, Reciprocating: Cogeneration
20300201 Natural Gas, Reciprocating

20300204 Natural Gas, Cogeneration

PM10 | PM2.5 EC ocC NOx voC S02 NH3 co Hg

Pollutant(s) "

V= po.IIutant reduction; X = pollutant increase, * = major pollutant
Control Efficiency: 90% from uncontrolled
Equipment Life: 15 years
Rule Effectiveness: 100%
Penetration: 100%

Cost Basis:  Sources are distinguished by power (Pechan, 1998).
Engines less than 4,000 horsepower were considered small engines.

Capital and annual cost information was obtained from model engine data in the
Alternative Control Techniques (ACT) document (EPA, 1993). A capital cost to
annual cost ratio of 1.9 is developed to estimate default capital and operating and
maintenance costs. From these determinations, default cost effectiveness values
were assigned. A discount rate of 7 percent and a capacity factor of 65 percent are
assumed, along with an equipment life of 15 years (EPA, 1993).

In general, the incremental default cost is used for sources where there are existing
controls (RACT baseline), with efficiencies less than or equal to 25% (Pechan, 2001).

Cost Effectiveness: The default cost effectiveness value is $2,769 per ton NOx reduced from both
uncontrolled and RACT baselines (19909).

Comments:

Status: Demonstrated Last Reviewed: 2001
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Additional Information:

Selective Catalytic Reduction (SCR) has been widely applied to stationary source, fossil fuel-fired,
combustion units for emission control since the early 1970s. SCR is typically implemented on units
requiring a higher level of NOx control than achievable by SNCR or other combustion controls (EPA,
2002).

Like SNCR, SCR is based on the chemical reduction of the NOx molecule. The primary difference
between SNCR and SCR is that SCR uses a metal-based catalyst to increase the rate of reaction
(EPA, 2002). A nitrogen based reducing reagent, such as ammonia or urea, is injected into the flue
gas. The reagent reacts selectively with the flue gas NOx within a specific temperature range and in
the presence of the catalyst and oxygen to reduce the NOx.

The use of a catalyst results in two advantages of the SCR process over SNCR, the higher NOx
reduction efficiency and the lower and broader temperature ranges. However, the decrease in
reaction temperature and increase in efficiency is accompanied by a significant increase in capital
and operating costs (EPA, 2002). The cost increase is due to the large amount of catalyst required.

The SCR system can utilize either aqueous or anhydrous ammonia as the reagent. Anhydrous
ammonia is a gas at atmospheric pressure and normal temperatures. There are safety issues with
the use of anhydrous ammonia, as it must be transported and stored under pressure (EPA, 2002).
Aqueous ammonia is generally transported and stored at a concentration of 29.4% ammonia in
water.

Today, catalyst formulations include single component, multi-component, or active phase with a
support structure. Most catalyst formulations contain additional compounds or sup-ports, providing
thermal and structural stability or to increase surface area (EPA, 2002).

The rate of reaction determines the amount of NOx removed from the flue gas. The important
design and operational factors that affect the rate of reduction include: reaction temperature range;
residence time available in the optimum temperature range; degree of mixing between the injected
reagent and the combustion gases; uncontrolled NOx concentration level; molar ratio of injected
reagent to uncontrolled NOx; ammonia slip; catalyst activity; catalyst selectivity; pressure drop
across the catalyst; catalyst pitch; catalyst deactivation; and catalyst management (EPA, 2001).

References:

EPA, 1993: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions from
Stationary Reciprocating Internal Combustion Engines," EPA,-453/R-93-032, Research Triangle
Park, NC, July 1993.

EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and Standards,
"EPA Air Pollution Control Cost Manual," 6th ed., EPA/452/B-02-001, Research Triangle Park, NC,
January 2002.

Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of Air
Quality Planning and Standards, Innovative Strategies and Economics Group, Research Triangle
Park, September 1998.

Pechan, 2001: E.H. Pechan & Associates, Inc., "Revisions to AirControINET, and Particulate Matter
Control Strategies and Cost Analysis," Revised Report, prepared for U.S. Environmental Protection
Agency, Innovative Strategies and Economics Group, Research Triangle Park, September 2001.
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Source Category: |IC Engines - Gas, Diesel, LPG - Small Sources

Control Measure Name: Ignition Retard
Rule Name: Not Applicable

Pechan Measure Code: NO0461S, N04601 POD: 46

Application: This control is the use of ignition retard technologies to reduce NOx emissions.

This applies to small (<1 ton NOx per OSD) gas, diesel and LPG IC engines with

uncontrolled NOx emissions greater than 10 tons per year.

Affected SCC:

20200301 Gasoline, Reciprocating

20200401 Industrial, Large Bore Engine, Diesel

20200402 Large Bore Engine, Dual Fuel (Oil/Gas)

20200403 Large Bore Engine, Cogeneration: Dual Fuel

20200902 Kerosene/Naphtha (Jet Fuel), Reciprocating

20201001 Liquefied Petroleum Gas (LPG), Propane: Reciprocating
20300301 Gasoline, Reciprocating

20301001 Liquefied Petroleum Gas (LPG), Propane: Reciprocating

PM10 | PM2.5 EC ocC NOx voC S02

NH3

co

Hg

Pollutant(s) -

V= po.IIutant reduction; X = pollutant increase, * = major pollutant
Control Efficiency: 25% from uncontrolled
Equipment Life: 15 years
Rule Effectiveness: 100%
Penetration: 100%

Cost Basis:  Sources are distinguished by power (Pechan, 1998).

Engines less than 4,000 horsepower were considered small engines.

Capital and annual cost information was obtained from model engine data in the

Alternative Control Techniques (ACT) document (EPA, 1993). A capital cost to

annual cost ratio of 1.1 was developed to estimate default capital and operating and
maintenance costs. From these determinations, default cost effectiveness values

were assigned. A discount rate of 7 percent and a capacity factor of 65 percent are
assumed, along with an equipment life of 15 years (EPA, 1993).

In general, the incremental default cost is used for sources where there are existing
controls (RACT baseline), with efficiencies less than or equal to 25% (Pechan, 2001).

Cost Effectiveness: The default cost effectiveness value is $770 per ton NOx reduced from both

uncontrolled RACT baselines (1990%).

Comments:

Status: Demonstrated Last Reviewed: 2001
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Additional Information:

References:

EPA, 1993: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions from
Stationary Reciprocating Internal Combustion Engines," EPA,-453/R-93-032, Research Triangle
Park, NC, July 1993

Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of Air
Quality Planning and Standards, Innovative Strategies and Economics Group, Research Triangle
Park, September 1998.

Pechan, 2001: E.H. Pechan & Associates, Inc., "Revisions to AirControINET, and Particulate Matter

Control Strategies and Cost Analysis," Revised Report, prepared for U.S. Environmental Protection
Agency, Innovative Strategies and Economics Group, Research Triangle Park, September 2001.8.
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Source Category: |IC Engines - Gas, Diesel, LPG - Small Sources

Control Measure Name: Selective Catalytic Reduction (SCR)

Rule Name: Not Applicable

Pechan Measure Code: N0464S, N04604 POD: 46
Application:

This control is the selective catalytic reduction of NOx through add-on controls. SCR

controls are post-combustion control technologies based on the chemical reduction of
nitrogen oxides (NOx) into molecular nitrogen (N2) and water vapor (H20). The SCR
utilizes a catalyst to increase the NOx removal efficiency, which allows the process to
occur at lower temperatures.

This control applies to small (<4,000 HP) gas, diesel and LPG-fired IC engines with
uncontrolled NOx emissions greater than 10 tons per year.

Affected SCC:

20200301 Gasoline, Reciprocating

20200401 Industrial, Large Bore Engine, Diesel

20200402 Large Bore Engine, Dual Fuel (Oil/Gas)

20200403 Large Bore Engine, Cogeneration: Dual Fuel

20200902 Kerosene/Naphtha (Jet Fuel), Reciprocating

20201001 Liquefied Petroleum Gas (LPG), Propane: Reciprocating
20300301 Gasoline, Reciprocating

20301001 Liquefied Petroleum Gas (LPG), Propane: Reciprocating

Pollutant(s)

PM10 | PM2.5 EC oC NOx VOC S02 NH3 co Hg

\/*

V= po-llutant reduction; X = pollutant increase, * = major pollutant

Control Efficiency: 80% from uncontrolled

Equipment Life: 15 years
Rule Effectiveness: 100%

Penetration:

100%

Cost Basis:

Sources are distinguished by power (Pechan, 1998).
Engines less than 4,000 horsepower were considered small engines.

Capital and annual cost information was obtained from model engine data in the
Alternative Control Techniques (ACT) document (EPA, 1993). A capital cost to
annual cost ratio of 1.8 was developed to estimate default capital and operating and
maintenance costs. From these determinations, default cost effectiveness values
were assigned. A discount rate of 7 percent and a capacity factor of 65 percent are
assumed, along with an equipment life of 15 years (EPA, 1993).

In general, the incremental default cost is used for sources where there are existing
controls (RACT baseline), with efficiencies less than or equal to 25% (Pechan, 2001).

Cost Effectiveness: The default cost effectiveness value is $2,340 per ton NOx reduced from both

uncontrolled and RACT baselines (1990$).
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Comments:

Status: Demonstrated Last Reviewed: 2001

Additional Information:

Selective Catalytic Reduction (SCR) has been widely applied to stationary source, fossil fuel-fired,
combustion units for emission control since the early 1970s. SCR is typically implemented on units
requiring a higher level of NOx control than achievable by SNCR or other combustion controls (EPA,
2002).

Like SNCR, SCR is based on the chemical reduction of the NOx molecule. The primary difference
between SNCR and SCR is that SCR uses a metal-based catalyst to increase the rate of reaction
(EPA, 2002). A nitrogen based reducing reagent, such as ammonia or urea, is injected into the flue
gas. The reagent reacts selectively with the flue gas NOx within a specific temperature range and in
the presence of the catalyst and oxygen to reduce the NOx.

The use of a catalyst results in two advantages of the SCR process over SNCR, the higher NOx
reduction efficiency and the lower and broader temperature ranges. However, the decrease in
reaction temperature and increase in efficiency is accompanied by a significant increase in capital
and operating costs (EPA, 2002). The cost increase is due to the large amount of catalyst required.

The SCR system can utilize either aqueous or anhydrous ammonia as the reagent. Anhydrous
ammonia is a gas at atmospheric pressure and normal temperatures. There are safety issues with
the use of anhydrous ammonia, as it must be transported and stored under pressure (EPA, 2002).
Aqueous ammonia is generally transported and stored at a concentration of 29.4% ammonia in
water.

Today, catalyst formulations include single component, multi-component, or active phase with a
support structure. Most catalyst formulations contain additional compounds or sup-ports, providing
thermal and structural stability or to increase surface area (EPA, 2002).

The rate of reaction determines the amount of NOx removed from the flue gas. The important
design and operational factors that affect the rate of reduction include: reaction temperature range;
residence time available in the optimum temperature range; degree of mixing between the injected
reagent and the combustion gases; uncontrolled NOx concentration level; molar ratio of injected
reagent to uncontrolled NOx; ammonia slip; catalyst activity; catalyst selectivity; pressure drop
across the catalyst; catalyst pitch; catalyst deactivation; and catalyst management (EPA, 2001).

References:

EPA, 1993: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions from
Stationary Reciprocating Internal Combustion Engines," EPA,-453/R-93-032, Research Triangle
Park, NC, July 1993.

EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and Standards,
"EPA Air Pollution Control Cost Manual," 6th ed., EPA/452/B-02-001, Research Triangle Park, NC,
January 2002.

Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of Air
Quality Planning and Standards, Innovative Strategies and Economics Group, Research Triangle
Park, September 1998.
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Pechan, 2001: E.H. Pechan & Associates, Inc., "Revisions to AirControINET, and Particulate Matter
Control Strategies and Cost Analysis," Revised Report, prepared for U.S. Environmental Protection
Agency, Innovative Strategies and Economics Group, Research Triangle Park, September 2001.
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Source Category: ICI Boilers - Coal/Cyclone - Large Sources

Control Measure Name: Coal Reburn
Rule Name: Not Applicable

Pechan Measure Code: NO0142L, N01402 POD: 14
Application: This control reduces NOx emissions through coal reburn.

This control is applicable to large coal/cyclone ICI boilers classified under SCCs
10200203 and 10300223.

Affected SCC:

10200203 Industrial, Bituminous/Subbituminous Coal, Cyclone Furnace
10300223 Bituminous/Subbituminous Coal, Cyclone Furnace (Subbituminous Coal)

PM10 | PM2.5 EC ocC NOx voC S02 NH3 co Hg

Pollutant(s) "

V= po.IIutant reduction; X = pollutant increase, * = major pollutant
Control Efficiency: 50% from uncontrolled
Equipment Life: 20 years
Rule Effectiveness: 100%
Penetration: 100%

Cost Basis:  Sources are distinguished by NOx emission levels (Pechan, 1998).
Large source = emissions level greater than 1 ton per ozone season day

Costs for stationary source NOx control are based on an analysis of EPA's NOx State
Implementation Plan (SIP) Call (Pechan, 1998). From this analysis, default cost per
ton values are assigned along with a capital to annual costs ratio of 2.0. A discount
rate of 7 percent and a capacity factor of 65 percent are assumed, along with an
equipment life of 20 years (EPA, 1994).

In general, the incremental default cost is used for sources where there are existing
controls (RACT baseline), with efficiencies less than or equal to 70% (Pechan, 2001).

O&M Cost Components: The O&M cost component breakdown is estimated using
the material in Appendix B — 4.0 Cyclone-Fired boilers for coal reburning of the
Cadmus report (1995). Cost breakdowns were provided in this Group 2 boiler
analysis for 150 MW and 400 MW cyclone boilers. A capacity factor of 0.65 is used
in estimating the O&M cost breakdown.

Electricity cost: $0.05/kW-hr
Coal cost: $1.60/MMBtu

Cost Effectiveness: The default cost effectiveness values is $300 per ton NOx reduced from both
uncontrolled and RACT (199089).

Comments:
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Status: Demonstrated Last Reviewed: 2001

Additional Information:

References:

EPA, 1994: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions from
Industrial/Commercial/Institutional (ICI) Boilers," EPA,-453/R-94-022, Research Triangle Park, NC,
June 1994.

Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of Air
Quality Planning and Standards, Innovative Strategies and Economics Group, Research Triangle
Park, September 1998.

Pechan, 2001: E.H. Pechan & Associates, Inc., "Revisions to AirControINET, and Particulate Matter
Control Strategies and Cost Analysis," Revised Report, prepared for U.S. Environmental Protection
Agency, Innovative Strategies and Economics Group, Research Triangle Park, September 2001.

Cadmus, 1995: The Cadmus Group, Inc., Investigation and Performance and Cost of NOx Controls

as Applied to Group 2 Boilers, Draft Report, prepared for U.S. Environmental Protection Agency,
Acid Rain Division, Washington, DC, August 1995.
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Source Category: ICI Boilers - Coal/Cyclone - Small Sources

Control Measure Name: Selective Non-Catalytic Reduction (SNCR)
Rule Name: Not Applicable

Pechan Measure Code: NO0141S, N01401 POD: 14

Application: This control is the reduction of NOx emission through selective non-catalytic reduction
add-on controls. SNCR controls are post-combustion control technologies based on
the chemical reduction of nitrogen oxides (NOx) into molecular nitrogen (N2) and water
vapor (H20).

This control applies to small (<1 ton NOx emissions per OSD) coal/cyclone IC boilers
with uncontrolled NOx emissions greater than 10 tons per year.

Affected SCC:

10200203 Industrial, Bituminous/Subbituminous Coal, Cyclone Furnace
10300223 Bituminous/Subbituminous Coal, Cyclone Furnace (Subbituminous Coal)

PM10 | PM2.5 EC ocC NOx voC S02 NH3 co Hg

Pollutant(s
(s) - "

v = pollutant reduction; X = pollutant increase, * = major pollutant
Control Efficiency: 35% from uncontrolled
Equipment Life: 20 years
Rule Effectiveness: 100%
Penetration: 100%

Cost Basis:  Sources are distinguished by NOx emission levels (Pechan, 1998).
Small source = emission levels less than 1 ton per ozone season day

Costs for stationary source NOx control are based on an analysis of EPA's NOx State
Implementation Plan (SIP) Call (Pechan, 1998). From this analysis, default cost per
ton values are assigned for small sources. A discount rate of 7 percent and a
capacity factor of 65 percent are assumed, along with an equipment life of 20 years
(EPA, 1994).

In general, the incremental default cost is used for sources where there are existing
controls (RACT baseline), with efficiencies less than or equal to 70% (Pechan, 2001).

O&M Cost Components: The O&M cost breakdown is estimated using the example
problem in the OAQPS Control Cost Manual chapter on SNCR. This example was for
a 1,000 MMBtu/hr boiler burning sub-bituminous coal.

Electricity cost: $0.05/kW-hr
Coal cost: $1.60/MMBtu

Cost Effectiveness: The cost effectiveness used in AirControINET for both reductions from baseline
and reductions from RACT is $840 per ton NOx reduced (1990%).

Comments:
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Status: Demonstrated Last Reviewed: 2001

Additional Information:

SNCR is the reduction of NOx in flue gas to N2 and water vapor. This reduction is done with a
nitrogen based reducing reagent, such as ammonia or urea. The reagent can react with a number of
flue gas components. However, the NOx reduction reaction is favored for a specific temperature
range and in the presence of oxygen (EPA, 2002).

Both ammonia and urea are used as reagents. The cost of the reagent represents a large part of the
annual costs of an SNCR system. Ammonia is generally less expensive than urea. However, the
choice of reagent is also based on physical properties and operational considerations (EPA, 2002).

Ammonia can be utilized in either aqueous or anhydrous form. Anhydrous ammonia is a gas at
atmospheric pressure and normal temperatures. There are safety issues with the use of anhydrous
ammonia, as it must be transported and stored under pressure (EPA, 2002). Aqueous ammonia is
generally transported and stored at a concentration of 29.4% ammonia in water.

Urea based systems have several advantages, including several safety aspects. Urea is a nontoxic,
less volatile liquid that can be stored and handled more safely than ammonia. Urea solution droplets
can penetrate farther into the flue gas when injected into the boiler, enhancing mixing (EPA, 2002).
Because of these advantages, urea is more commonly used than ammonia in large boiler
applications.

The rate of reaction determines the amount of NOx removed from the flue gas. The important
design and operational factors that affect the rate of reduction include:

Reaction temperature range;

Residence time available in the optimum temperature range;

Degree of mixing between the injected reagent and the combustion gases
Uncontrolled NOx concentration level;

Molar ratio of injected reagent to uncontrolled NOx ; and ammonia slip.

References:

EPA, 1994: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions from
Industrial/Commercial/Institutional (ICI) Boilers," EPA,-453/R-94-022, Research Triangle Park, NC,
June 1994.

EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and Standards,
"EPA Air Pollution Control Cost Manual," 6th ed., EPA/452/B-02-001, Research Triangle Park, NC,
January 2002.

Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of Air
Quality Planning and Standards, Innovative Strategies and Economics Group, Research Triangle
Park, September 1998.

Pechan, 2001: E.H. Pechan & Associates, Inc., "Revisions to AirControINET, and Particulate Matter

Control Strategies and Cost Analysis," Revised Report, prepared for U.S. Environmental Protection
Agency, Innovative Strategies and Economics Group, Research Triangle Park, September 2001.
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Source Category: ICI Boilers - Coal/Cyclone - Small Sources

Control Measure Name: Coal Reburn
Rule Name: Not Applicable

Pechan Measure Code: N0142S POD: 14
Application: This control reduces NOx emissions through coal reburn.

This control is applicable to small coal/cyclone ICI boilers classified under SCCs
10200203 and 10300223.

Affected SCC:

10200203 Industrial, Bituminous/Subbituminous Coal, Cyclone Furnace
10300223 Bituminous/Subbituminous Coal, Cyclone Furnace (Subbituminous Coal)

PM10 | PM2.5 EC ocC NOx voC S02 NH3 co Hg

Pollutant(s) "

V= po.IIutant reduction; X = pollutant increase, * = major pollutant
Control Efficiency: 50% from uncontrolled
Equipment Life: 20 years
Rule Effectiveness: 100%
Penetration: 100%

Cost Basis:  Sources are distinguished by NOx emission levels (Pechan, 1998).
Small source = emissions level less than 1 ton per ozone season day

Costs for stationary source NOx control are based on an analysis of EPA's NOx State
Implementation Plan (SIP) Call (Pechan, 1998). From this analysis, default cost per
ton values are assigned along with a capital to annual costs ratio of 2.0. A discount
rate of 7 percent and a capacity factor of 65 percent are assumed, along with an
equipment life of 20 years (EPA, 1994).

In general, the incremental default cost is used for sources where there are existing
controls (RACT baseline), with efficiencies less than or equal to 70% (Pechan, 2001).

O&M Cost Components: The O&M cost component breakdown is estimated using
the material in Appendix B — 4.0 Cyclone-Fired boilers for coal reburning of the
Cadmus report (1995). Cost breakdowns were provided in this Group 2 boiler
analysis for 150 MW and 400 MW cyclone boilers. A capacity factor of 0.65 is used
in estimating the O&M cost breakdown.

Electricity cost: $0.05/kW-hr
Coal cost: $1.60/MMBtu

Cost Effectiveness: The default cost effectiveness values is $1,570 per ton NOx reduced from both
uncontrolled and RACT (199089).

Comments:
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Status: Demonstrated Last Reviewed: 2001

Additional Information:

References:

EPA, 1994: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions from
Industrial/Commercial/Institutional (ICI) Boilers," EPA,-453/R-94-022, Research Triangle Park, NC,
June 1994.

Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of Air
Quality Planning and Standards, Innovative Strategies and Economics Group, Research Triangle
Park, September 1998.

Pechan, 2001: E.H. Pechan & Associates, Inc., "Revisions to AirControINET, and Particulate Matter
Control Strategies and Cost Analysis," Revised Report, prepared for U.S. Environmental Protection
Agency, Innovative Strategies and Economics Group, Research Triangle Park, September 2001.

Cadmus, 1995: The Cadmus Group, Inc., Investigation and Performance and Cost of NOx Controls

as Applied to Group 2 Boilers, Draft Report, prepared for U.S. Environmental Protection Agency,
Acid Rain Division, Washington, DC, August 1995.
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Source Category: ICI Boilers - Coal/Cyclone - Small Sources

Control Measure Name: Selective Catalytic Reduction (SCR)

Rule Name: Not Applicable

Pechan Measure Code: N0143S, N01403 POD: 14
Application:

This control is the selective catalytic reduction of NOx through add-on controls. SCR
controls are post-combustion control technologies based on the chemical reduction of
nitrogen oxides (NOx) into molecular nitrogen (N2) and water vapor (H20). The SCR
utilizes a catalyst to increase the NOx removal efficiency, which allows the process to
occur at lower temperatures.

This control applies to small (<1 ton NOx per OSD) coal/cyclone ICI boilers with
uncontrolled NOx emissions greater than 10 tons per year.

Affected SCC:

10200203 Industrial, Bituminous/Subbituminous Coal, Cyclone Furnace
10300223 Bituminous/Subbituminous Coal, Cyclone Furnace (Subbituminous Coal)

Pollutant(s)

PM10 | PM2.5 EC oC NOx VOC S02 NH3 Cco Hg

\/*

V= po.llutant reduction; X = pollutant increase, * = major pollutant

Control Efficiency: 80% from uncontrolled

Equipment Life: 20 years
Rule Effectiveness: 100%

Penetration:

100%

Cost Basis:

Sources are distinguished by NOx emission levels (Pechan, 1998).
Small source = emission levels less than 1 ton per ozone season day

Costs for stationary source NOx control are based on an analysis of EPA's NOx State
Implementation Plan (SIP) Call (Pechan, 1998). From this analysis, default cost per
ton values and a capital to annual cost ratio of 7.0 are assigned. A discount rate of 7
percent and a capacity factor of 65 percent are assumed, along with an equipment
life of 20 years (EPA, 1994).

In general, the incremental default cost is used for sources where there are existing
controls (RACT baseline), with efficiencies less than or equal to 70% (Pechan, 2001).

O&M Cost Components: The O&M cost breakdown is estimated using the Chapter 4
costing algorithms in EPA, 2001. The fixed O&M cost is the sum of the annual
maintenance material and labor cost, and is estimated to be 0.66 percent of the
capital cost. This portion of the O&M cost is included in the database as maintenance
labor. The NH3 use cost equation is used to estimate chemicals costs. The annual
replacement cost equation is used to estimate replacement materials costs. The
energy requirement cost equation is used to estimate electricity costs.

Electricity cost = $0.03/kW-hr
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Ammonia cost = $225/ton

The above O&M component costs are in 2000 dollars. The model plant size used to
estimate ICI boiler O&M cost components is 400 MMBtu/hr.

Cost Effectiveness: The default cost effectiveness value is $820 per ton NOx reduced from both
uncontrolled and RACT baselines (19909).

Comments:

Status: Demonstrated Last Reviewed: 2001

Additional Information:

Selective Catalytic Reduction (SCR) has been widely applied to stationary source, fossil fuel-fired,
combustion units for emission control since the early 1970s. SCR is typically implemented on units
requiring a higher level of NOx control than achievable by SNCR or other combustion controls (EPA,
2002).

Like SNCR, SCR is based on the chemical reduction of the NOx molecule. The primary difference
between SNCR and SCR is that SCR uses a metal-based catalyst to increase the rate of reaction
(EPA, 2002). A nitrogen based reducing reagent, such as ammonia or urea, is injected into the flue
gas. The reagent reacts selectively with the flue gas NOx within a specific temperature range and in
the presence of the catalyst and oxygen to reduce the NOx.

The use of a catalyst results in two advantages of the SCR process over SNCR, the higher NOx
reduction efficiency and the lower and broader temperature ranges. However, the decrease in
reaction temperature and increase in efficiency is accompanied by a significant increase in capital
and operating costs (EPA, 2002). The cost increase is due to the large amount of catalyst required.

The SCR system can utilize either aqueous or anhydrous ammonia as the reagent. Anhydrous
ammonia is a gas at atmospheric pressure and normal temperatures. There are safety issues with
the use of anhydrous ammonia, as it must be transported and stored under pressure (EPA, 2002).
Aqueous ammonia is generally transported and stored at a concentration of 29.4% ammonia in
water.

Today, catalyst formulations include single component, multi-component, or active phase with a
support structure. Most catalyst formulations contain additional compounds or sup-ports, providing
thermal and structural stability or to increase surface area (EPA, 2002).

The rate of reaction determines the amount of NOx removed from the flue gas. The important
design and operational factors that affect the rate of reduction include: reaction temperature range;
residence time available in the optimum temperature range; degree of mixing between the injected
reagent and the combustion gases; uncontrolled NOx concentration level; molar ratio of injected
reagent to uncontrolled NOx; ammonia slip; catalyst activity; catalyst selectivity; pressure drop
across the catalyst; catalyst pitch; catalyst deactivation; and catalyst management (EPA, 2001).

References:

EPA, 1994: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions from
Industrial/Commercial/Institutional (ICI) Boilers," EPA,-453/R-94-022, Research Triangle Park, NC,
June 1994.

EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and Standards,
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"EPA Air Pollution Control Cost Manual," 6th ed., EPA/452/B-02-001, Research Triangle Park, NC,
January 2002.

Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of Air
Quality Planning and Standards, Innovative Strategies and Economics Group, Research Triangle
Park, September 1998.

Pechan, 2001: E.H. Pechan & Associates, Inc., "Revisions to AirControINET, and Particulate Matter

Control Strategies and Cost Analysis," Revised Report, prepared for U.S. Environmental Protection
Agency, Innovative Strategies and Economics Group, Research Triangle Park, September 2001.
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Source Category: ICI Boilers - Coal/Cyclone - Small Sources

Control Measure Name: Natural Gas Reburn (NGR)
Rule Name: Not Applicable

Pechan Measure Code: N0144S, N01404 POD: 14

Application: Natural gas reburning (NGR) involves add-on controls to reduce NOx emissions. NGR
is a combustion control technology in which part of the main fuel heat input is diverted
to locations above the main burners, called the reburn zone. As flue gas passes
through the reburn zone, a portion of the NOx formed in the main combustion zone is
reduced by hydrocarbon radicals and converted to molecular nitrogen (N2).

This control applies to small (<1 ton NOx per OSD) coal/cyclone ICI boilers with
uncontrolled NOx emissions greater than 10 tons per year.

Affected SCC:

10200203 Industrial, Bituminous/Subbituminous Coal, Cyclone Furnace
10300223 Bituminous/Subbituminous Coal, Cyclone Furnace (Subbituminous Coal)

PM10 | PM2.5 EC oC NOx VOC S02 NH3 Cco Hg

Pollutant(s)
\/*

\ = pollutant reduction; X = pollutant increase, * = major pollutant
Control Efficiency: 55% from uncontrolled
Equipment Life: 20 years
Rule Effectiveness: 100%
Penetration: 100%

Cost Basis:  Sources are distinguished by power output (Pechan, 1998).
Small source = less than 1 ton NOx per ozone season day

Costs for stationary source NOx control are based on an analysis of EPA's NOx State
Implementation Plan (SIP) Call (Pechan, 1998). The basis of the costs are model
plant data in the Alternative Control Techniques (ACT) document (EPA, 1994). From
this analysis, default cost per ton values are assigned along with a capital to annual
costs ratio of 2.0. A discount rate of 7 percent and a capacity factor of 65 percent are
assumed, along with an equipment life of 20 years (EPA, 1994).

In general, the incremental default cost is used for sources where there are existing
controls (RACT baseline), with efficiencies less than or equal to 70% (Pechan, 2001).

O&M Cost Components: The O&M cost breakdown is estimated using the economic
analysis for a 200 megawatt unit provided in Appendix E: Cost Analysis of Reburning
Systems for conventional gas reburn. The example calculation with a $1.00 per
million Btu difference between the primary fuel cost and the reburn fuel cost was
used. The reference for this information is the 1998 Andover Technology Partners
report for NESCAUM/MARAMA. The fuel cost differential is the dominant operating
cost of NGR.
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Coal Cost: $1.50/MMBtu
Natural Gas Cost: $2.50/MMBtu

Cost Effectiveness: The default cost effectiveness value is $1,570 per ton NOx reduced from both
uncontrolled and RACT baselines (19909).

Comments:

Status: Demonstrated Last Reviewed: 2001

Additional Information:

In a reburn boiler, fuel is injected into the upper furnace region to convert the NOx formed in the
primary combustion zone to molecular N2 and H20. In general, the overall process occurs within
three zones of the boiler; the combustion zone, the gas reburning zone, and the burnout zone (ERG,
2000). In the combustion zone the amount of fuel is reduced and the burners may be operated at
the lowest excess air level. In the gas reburning zone the fuel not used in the combustion zone is
injected to create a fuel-rich region where radicals can react with NOx to form molecular Nitrogen.

In the burnout zone a separate overfire air system redirects air from the primary combustion zone to
ensure complete combustion of unreacted fuel leaving the reburning zone.

Operational parameters that affect the performance of reburn include reburn zone stoichiometry,
residence time in the reburn zone, reburn fuel carrier gas and temperature and O2 levels in the
burnout zone (ERG, 2000).

References:

EPA, 1994: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions from
Industrial/Commercial/Institutional (ICI) Boilers," EPA,-453/R-94-022, Research Triangle Park, NC,
June 1994.

EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and Standards,
"EPA Air Pollution Control Cost Manual," 6th ed., EPA/452/B-02-001, Research Triangle Park, NC,
January 2002.

ERG, 2000: Eastern Research Group, Inc., "How to Incorporate the Effects of Air Pollution Control
Device Efficiencies and Malfunctions into Emission Inventory Estimates," prepared for Emission
Inventory Improvement Program, Point Sources Committee, July 2000.

Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of Air
Quality Planning and Standards, Innovative Strategies and Economics Group, Research Triangle
Park, September 1998.

Pechan, 2001: E.H. Pechan & Associates, Inc., "Revisions to AirControINET, and Particulate Matter
Control Strategies and Cost Analysis," Revised Report, prepared for U.S. Environmental Protection
Agency, Innovative Strategies and Economics Group, Research Triangle Park, September 2001.

Staudt, 1998: Staudt, James E., “Status Report on NOx Control Technologies and Cost
Effectiveness for Utility Boilers,” Andover Technology Partners, North Andover, MA, prepared for
NESCAUM and MARAMA, June 1998.
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Source Category: ICI Boilers - Coal/FBC - Large Sources

Control Measure Name: Selective Non-Catalytic Reduction (SNCR) Urea Based
Rule Name: Not Applicable

Pechan Measure Code: NO0121L, NO1201 POD: 12

Application: This control is the reduction of NOx emission through urea based selective non-
catalytic reduction add-on controls. SNCR controls are post-combustion control
technologies based on the chemical reduction of nitrogen oxides (NOXx) into molecular
nitrogen (N2) and water vapor (H20).

This control applies to large (>1 ton NOx emissions per OSD) coal-fired/fluidized bed
combustion IC boilers with uncontrolled NOx emissions greater than 10 tons per year.

Affected SCC:

10200217 Bituminous/Subbituminous Coal, Atm. Fluidized Bed Combustion-Bubbling (Bituminous)
10300217 Commercial/lnstitutional, Atm. Fluidized Bed Combustion-Bubbling (Bituminous Coal)

PM10 | PM2.5 EC ocC NOx voC S02 NH3 co Hg

Pollutant(s)

\* X

v = pollutant reduction; X = pollutant increase, * = major pollutant
Control Efficiency: 40% from uncontrolled
Equipment Life: 20 years
Rule Effectiveness: 100%
Penetration: 100%

Cost Basis:  Sources are distinguished by NOx emission levels (Pechan, 1998).
Large source = emission levels greater than 1 ton per ozone season day

Where information was available in the Alternative Control Techniques (ACT)
document (EPA, 1994), capacity-based equations are used to calculate costs. A
discount rate of 7 percent and a capacity factor of 65 percent are assumed, along
with an equipment life of 20 years (EPA, 1994).

In general, incremental cost equations (or defaults cost) are used for sources where
there are existing controls (RACT baseline), with efficiencies less than or equal to
70% (Pechan, 2001).

The following equations, based primarily on information in the Air Pollution Cost
Manual (EPA, 2002), are used for large NOx sources as defined above:

From Uncontrolled:
Capital Cost = 15,972.8 * Capacity (MMBtu/hr)*0.6
Annual Cost = 4,970.5 * Capacity (MMBtu/hr)*0.6

From RACT Baseline:
Capital Cost = 15,972.8 * Capacity (MMBtu/hr)*0.6
Annual Cost = 3,059.2 * Capacity (MMBtu/hr)*0.6
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Note: All costs are in 1990 dollars.

O&M Cost Components: The O&M cost breakdown is estimated using the example
problem in the OAQPS Control Cost Manual chapter on SNCR. This example was for
a 1,000 MMBtu/hr boiler burning sub-bituminous coal.

Electricity cost: $0.05/kW-hr
Coal cost: $1.60/MMBtu

Cost Effectiveness: When capacity is available and within the applicable range of 0 to 2,000
MMBTU/hr the cost equations are used to calculate cost effectiveness. The
default cost effectiveness values, used when capacity information is not
available, is $670 per ton NOx reduced from both uncontrolled and RACT
(19909%).

Comments:

Status: Demonstrated Last Reviewed: 2001

Additional Information:

SNCR is the reduction of NOx in flue gas to N2 and water vapor. This reduction is done with a
nitrogen based reducing reagent, such as ammonia or urea. The reagent can react with a number of
flue gas components. However, the NOx reduction reaction is favored for a specific temperature
range and in the presence of oxygen (EPA, 2002).

Urea based systems have several advantages, including several safety aspects. Urea is a nontoxic,
less volatile liquid that can be stored and handled more safely than ammonia. Urea solution droplets
can penetrate farther into the flue gas when injected into the boiler, enhancing mixing (EPA, 2002).
Because of these advantages, urea is more commonly used than ammonia in large boiler
applications.

The rate of reaction determines the amount of NOx removed from the flue gas. The important
design and operational factors that affect the rate of reduction include:

Reaction temperature range;

Residence time available in the optimum temperature range;

Degree of mixing between the injected reagent and the combustion gases
Uncontrolled NOx concentration level,

Molar ratio of injected reagent to uncontrolled NOx; and

Ammonia slip.

References:

EPA, 1994: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions from
Industrial/Commercial/Institutional (ICI) Boilers," EPA,-453/R-94-022, Research Triangle Park, NC,
June 1994,

EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and Standards,
"EPA Air Pollution Control Cost Manual," 6th ed., EPA/452/B-02-001, Research Triangle Park, NC,
January 2002.

Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
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Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of Air
Quality Planning and Standards, Innovative Strategies and Economics Group, Research Triangle
Park, September 1998.

Pechan, 2001: E.H. Pechan & Associates, Inc., "Revisions to AirControINET, and Particulate Matter

Control Strategies and Cost Analysis," Revised Report, prepared for U.S. Environmental Protection
Agency, Innovative Strategies and Economics Group, Research Triangle Park, September 2001.
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Source Category: [Cl Boilers - Coal/FBC - Small Sources

Control Measure Name: Selective Non-Catalytic Reduction (SNCR) Urea Based
Rule Name: Not Applicable

Pechan Measure Code: N0121S POD: 12

Application: This control is the reduction of NOx emission through urea based selective non-
catalytic reduction add-on controls. SNCR controls are post-combustion control
technologies based on the chemical reduction of nitrogen oxides (NOXx) into molecular
nitrogen (N2) and water vapor (H20).

This control applies to small (<1 ton NOx emissions per OSD) coal-fired/fluidized bed
combustion IC boilers with uncontrolled NOx emissions greater than 10 tons per year.

Affected SCC:

10200217 Bituminous/Subbituminous Coal, Atm. Fluidized Bed Combustion-Bubbling (Bituminous)
10300217 Commercial/lnstitutional, Atm. Fluidized Bed Combustion-Bubbling (Bituminous Coal)

PM10 | PM2.5 EC ocC NOx voC S02 NH3 co Hg

Pollutant(s)

\* X

v = pollutant reduction; X = pollutant increase, * = major pollutant
Control Efficiency: 75% from uncontrolled
Equipment Life: 20 years
Rule Effectiveness: 100%
Penetration: 100%

Cost Basis:  Sources are distinguished by NOx emission levels (Pechan, 1998).
Small source = emission levels less than 1 ton per ozone season day

Costs for stationary source NOx control are based on an analysis of EPA's NOx State
Implementation Plan (SIP) Call (Pechan, 1998). From this analysis, default cost per
ton values are assigned for small sources. A discount rate of 7 percent and a
capacity factor of 65 percent are assumed, along with an equipment life of 20 years
(EPA, 1994).

In general, the incremental default cost is used for sources where there are existing
controls (RACT baseline), with efficiencies less than or equal to 70% (Pechan, 2001).

O&M Cost Components: The O&M cost breakdown is estimated using the example
problem in the OAQPS Control Cost Manual chapter on SNCR. This example was for
a 1,000 MMBtu/hr boiler burning sub-bituminous coal.

Electricity cost: $0.05/kW-hr
Coal cost: $1.60/MMBtu

Cost Effectiveness: The cost effectiveness used in AirControINET for both reductions from baseline
and reductions from RACT is $900 per ton NOx reduced (1990%).

Comments:
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Status: Demonstrated Last Reviewed: 2001

Additional Information:

SNCR is the reduction of NOx in flue gas to N2 and water vapor. This reduction is done with a
nitrogen based reducing reagent, such as ammonia or urea. The reagent can react with a number of
flue gas components. However, the NOx reduction reaction is favored for a specific temperature
range and in the presence of oxygen (EPA, 2002).

Urea based systems have several advantages, including several safety aspects. Urea is a nontoxic,
less volatile liquid that can be stored and handled more safely than ammonia. Urea solution droplets
can penetrate farther into the flue gas when injected into the boiler, enhancing mixing (EPA, 2002).
Because of these advantages, urea is more commonly used than ammonia in large boiler
applications.

The rate of reaction determines the amount of NOx removed from the flue gas. The important
design and operational factors that affect the rate of reduction include:

Reaction temperature range;

Residence time available in the optimum temperature range;

Degree of mixing between the injected reagent and the combustion gases
Uncontrolled NOx concentration level;

Molar ratio of injected reagent to uncontrolled NOx ; and

Ammonia slip.

References:

EPA, 1994: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions from
Industrial/Commercial/Institutional (ICI) Boilers," EPA,-453/R-94-022, Research Triangle Park, NC,
June 1994,

EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and Standards,
"EPA Air Pollution Control Cost Manual," 6th ed., EPA/452/B-02-001, Research Triangle Park, NC,
January 2002.

Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of Air
Quality Planning and Standards, Innovative Strategies and Economics Group, Research Triangle
Park, September 1998.

Pechan, 2001: E.H. Pechan & Associates, Inc., "Revisions to AirControINET, and Particulate Matter

Control Strategies and Cost Analysis," Revised Report, prepared for U.S. Environmental Protection
Agency, Innovative Strategies and Economics Group, Research Triangle Park, September 2001.
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Source Category: [Cl Boilers - Coal/Stoker - Small Sources

Control Measure Name: Selective Non-Catalytic Reduction (SNCR)
Rule Name: Not Applicable

Pechan Measure Code: NO0131L, NO1301 POD: 13

Application: This control is the reduction of NOx emission through selective non-catalytic reduction
add-on controls to coal/stoker IC boilers. SNCR controls are post-combustion control
technologies based on the chemical reduction of nitrogen oxides (NOXx) into molecular
nitrogen (N2) and water vapor (H20).

This control applies to large (>1 ton NOx emissions per OSD) coal/stoker IC boilers
with uncontrolled NOx emissions greater than 10 tons per year, classified under SCC
10200204.

Affected SCC:
10200204 Industrial, Bituminous/Subbituminous Coal, Spreader Stoker

PM10 | PM2.5 EC oC NOx VOC S02 NH3 co Hg

Pollutant(s)
V* X

\ = pollutant reduction; X = pollutant increase, * = major pollutant
Control Efficiency: 40% from uncontrolled
Equipment Life: 20 years
Rule Effectiveness: 100%
Penetration: 100%

Cost Basis:  Sources are distinguished by NOx emission levels (Pechan, 1998).
Large source = emission levels greater than 1 ton per ozone season day
Where information was available in the Alternative Control Techniques (ACT)
document (EPA, 1994), capacity-based equations are used to calculate costs. A
discount rate of 7 percent and a capacity factor of 65 percent are assumed, along
with an equipment life of 20 years (EPA, 1994).
In general, incremental cost equations (or defaults cost) are used for sources where
there are existing controls (RACT baseline), with efficiencies less than or equal to
70% (Pechan, 2001).

The following equations, based primarily on information in the Air Pollution Cost
Manual (EPA, 2002), are used for large NOx sources as defined above:

From Uncontrolled:

Capital Cost = 110,487.6 * Capacity (MMBtu/hr)*0.423
Annual Cost = 3,440.9 * Capacity (MMBtu/hr)*0.7337

From RACT Baseline:
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Capital Cost = 67,093.8 * Capacity (MMBtu/hr)*0.423
Annual Cost = 7,514.2 * Capacity (MMBtu/hr)*0.4195

Note: All costs are in 1990 dollars.

O&M Cost Components: The O&M cost breakdown is estimated using the example
problem in the OAQPS Control Cost Manual chapter on SNCR. This example was for
a 1,000 MMBtu/hr boiler burning sub-bituminous coal.

Electricity cost: $0.05/kW-hr
Coal cost: $1.60/MMBtu

Cost Effectiveness: When capacity is available and within the applicable range of 0 to 2,000
MMBTU/hr the cost equations are used to calculate cost effectiveness. The
default cost effectiveness value, used when capacity information is not
available, is $817 per ton NOx reduced from uncontrolled and $703 per ton
NOx reduced from RACT (1990%).

Comments:

Status: Demonstrated Last Reviewed: 2001

Additional Information:

SNCR is the reduction of NOx in flue gas to N2 and water vapor. This reduction is done with a
nitrogen based reducing reagent, such as ammonia or urea. The reagent can react with a number of
flue gas components. However, the NOx reduction reaction is favored for a specific temperature
range and in the presence of oxygen (EPA, 2002).

Both ammonia and urea are used as reagents. The cost of the reagent represents a large part of the
annual costs of an SNCR system. Ammonia is generally less expensive than urea. However, the
choice of reagent is also based on physical properties and operational considerations (EPA, 2002).

Ammonia can be utilized in either aqueous or anhydrous form. Anhydrous ammonia is a gas at
atmospheric pressure and normal temperatures. There are safety issues with the use of anhydrous
ammonia, as it must be transported and stored under pressure (EPA, 2002). Aqueous ammonia is
generally transported and stored at a concentration of 29.4% ammonia in water.

Urea based systems have several advantages, including several safety aspects. Urea is a nontoxic,
less volatile liquid that can be stored and handled more safely than ammonia. Urea solution droplets
can penetrate farther into the flue gas when injected into the boiler, enhancing mixing (EPA, 2002).
Because of these advantages, urea is more commonly used than ammonia in large boiler
applications.

The rate of reaction determines the amount of NOx removed from the flue gas. The important
design and operational factors that affect the rate of reduction include:

Reaction temperature range;

Residence time available in the optimum temperature range;

Degree of mixing between the injected reagent and the combustion gases
Uncontrolled NOx concentration level;

Molar ratio of injected reagent to uncontrolled NOx ; and ammonia slip.

Document No. 05.09.009/9010.463 111-197 Report



AT-A-GLANCE TABLE FOR POINT SOURCES

References:
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Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions from
Industrial/Commercial/Institutional (ICI) Boilers," EPA,-453/R-94-022, Research Triangle Park, NC,
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Source Category: [Cl Boilers - Coal/Stoker - Small Sources

Control Measure Name: Selective Non-Catalytic Reduction (SNCR)
Rule Name: Not Applicable

Pechan Measure Code: NO0131S POD: 13

Application: This control is the reduction of NOx emission through selective non-catalytic reduction
add-on controls. SNCR controls are post-combustion control technologies based on
the chemical reduction of nitrogen oxides (NOx) into molecular nitrogen (N2) and water
vapor (H20).

This control applies to small (<1 ton NOx emissions per OSD) coal/stoker IC boilers
with uncontrolled NOx emissions greater than 10 tons per year.

Affected SCC:

10200104 Anthracite Coal, Traveling Grate (Overfeed) Stoker

10200204 Industrial, Bituminous/Subbituminous Coal, Spreader Stoker

10200205 Industrial, Bituminous/Subbituminous Coal, Overfeed Stoker

10200206 Industrial, Bituminous/Subbituminous Coal, Underfeed Stoker

10200210 Industrial, Bituminous/Subbituminous Coal, Overfeed Stoker **

10200224 Industrial, Bituminous/Subbituminous Coal, Spreader Stoker (Subbituminous Coal)
10200225 Bituminous/Subbituminous Coal, Traveling Grate (Overfeed) Stoker (Subbituminous)
10200306 Lignite, Spreader Stoker

10300102 Anthracite Coal, Traveling Grate (Overfeed) Stoker

10300207 Commercial/Institutional, Overfeed Stoker (Bituminous Coal)

10300208 Commercial/Institutional, Underfeed Stoker (Bituminous Coal)

10300209 Commercial/Institutional, Spreader Stoker (Bituminous Coal)

10300224 Bituminous/Subbituminous Coal, Spreader Stoker (Subbituminous Coal)

10300225 Bituminous/Subbituminous Coal, Traveling Grate (Overfeed) Stoker (Subbituminous)

PM10 | PM2.5 EC ocC NOx voC S02 NH3 co Hg

Pollutant(s
(s) - "

\ = pollutant reduction; X = pollutant increase, * = major pollutant
Control Efficiency: 40% from uncontrolled
Equipment Life: 20 years
Rule Effectiveness: 100%
Penetration: 100%

Cost Basis:  Sources are distinguished by NOx emission levels (Pechan, 1998).
Small source = emission levels less than 1 ton per ozone season day
Costs for stationary source NOx control are based on an analysis of EPA's NOx State
Implementation Plan (SIP) Call (Pechan, 1998). From this analysis, default cost per
ton values are assigned for small sources. A discount rate of 7 percent and a
capacity factor of 65 percent are assumed, along with an equipment life of 20 years
(EPA, 1994).

In general, the incremental default cost is used for sources where there are existing
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controls (RACT baseline), with efficiencies less than or equal to 70% (Pechan, 2001).

O&M Cost Components: The O&M cost breakdown is estimated using the example
problem in the OAQPS Control Cost Manual chapter on SNCR. This example was for
a 1,000 MMBtu/hr boiler burning sub-bituminous coal.

Electricity cost: $0.05/kW-hr
Coal cost: $1.60/MMBtu

Cost Effectiveness: The cost effectiveness values used in AirControINET are $1,015 per ton NOx
reduced from uncontrolled and $873 per ton NOx reduced from RACT baseline
(19909%).

Comments:

Status: Demonstrated Last Reviewed: 2001

Additional Information:

SNCR is the reduction of NOx in flue gas to N2 and water vapor. This reduction is done with a
nitrogen based reducing reagent, such as ammonia or urea. The reagent can react with a number of
flue gas components. However, the NOx reduction reaction is favored for a specific temperature
range and in the presence of oxygen (EPA, 2002).

Both ammonia and urea are used as reagents. The cost of the reagent represents a large part of the
annual costs of an SNCR system. Ammonia is generally less expensive than urea. However, the
choice of reagent is also based on physical properties and operational considerations (EPA, 2002).

Ammonia can be utilized in either aqueous or anhydrous form. Anhydrous ammonia is a gas at
atmospheric pressure and normal temperatures. There are safety issues with the use of anhydrous
ammonia, as it must be transported and stored under pressure (EPA, 2002). Aqueous ammonia is
generally transported and stored at a concentration of 29.4% ammonia in water.

Urea based systems have several advantages, including several safety aspects. Urea is a nontoxic,
less volatile liquid that can be stored and handled more safely than ammonia. Urea solution droplets
can penetrate farther into the flue gas when injected into the boiler, enhancing mixing (EPA, 2002).
Because of these advantages, urea is more commonly used than ammonia in large boiler
applications.

The rate of reaction determines the amount of NOx removed from the flue gas. The important
design and operational factors that affect the rate of reduction include:

Reaction temperature range;

Residence time available in the optimum temperature range;

Degree of mixing between the injected reagent and the combustion gases
Uncontrolled NOx concentration level;

Molar ratio of injected reagent to uncontrolled NOx ; and ammonia slip.

References:

EEPA, 1994: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions from
Industrial/Commercial/Institutional (ICI) Boilers," EPA,-453/R-94-022, Research Triangle Park, NC,
June 1994,
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EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and Standards,
"EPA Air Pollution Control Cost Manual," 6th ed., EPA/452/B-02-001, Research Triangle Park, NC,
January 2002.

Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of Air
Quality Planning and Standards, Innovative Strategies and Economics Group, Research Triangle
Park, September 1998.

Pechan, 2001: E.H. Pechan & Associates, Inc., "Revisions to AirControINET, and Particulate Matter

Control Strategies and Cost Analysis," Revised Report, prepared for U.S. Environmental Protection
Agency, Innovative Strategies and Economics Group, Research Triangle Park, September 2001.
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Source Category: ICI Boilers - Coal/Wall - Large Sources

Control Measure Name: Selective Non-Catalytic Reduction (SNCR)
Rule Name: Not Applicable

Pechan Measure Code: NO111L, NO1101 POD: 11

Application: This control is the reduction of NOx emission through selective non-catalytic reduction
add-on controls to wall fired (coal) IC boilers. SNCR controls are post-combustion
control technologies based on the chemical reduction of nitrogen oxides (NOx) into
molecular nitrogen (N2) and water vapor (H20).

This control applies to large (>1 ton NOx emissions per OSD) coal-fired IC boilers with
uncontrolled NOx emissions greater than 10 tons per year, classified under SCCs
10200201 and 10200202.

Affected SCC:

10200201 Industrial, Bituminous/Subbituminous Coal, Pulverized Coal: Wet Bottom
10200202 Industrial, Bituminous/Subbituminous Coal, Pulverized Coal: Dry Bottom

PM10 | PM2.5 EC oC NOx VOC S02 NH3 co Hg

Pollutant(s)
V* X

\ = pollutant reduction; X = pollutant increase, * = major pollutant
Control Efficiency: 40% from uncontrolled
Equipment Life: 20 years
Rule Effectiveness: 100%
Penetration: 100%

Cost Basis:  Sources are distinguished by NOx emission levels (Pechan, 1998).
Large source = emission levels greater than 1 ton per ozone season day
Where information was available in the Alternative Control Techniques (ACT)
document (EPA, 1994), capacity-based equations are used to calculate costs. A
discount rate of 7 percent and a capacity factor of 65 percent are assumed, along
with an equipment life of 20 years (EPA, 1994).

In general, the incremental default cost is used for sources where there are existing
controls (RACT baseline), with efficiencies less than or equal to 70% (Pechan, 2001).

The following equations, based primarily on information in the Air Pollution Cost
Manual (EPA, 2002), are used for large NOx sources as defined above:

From Uncontrolled:

Capital Cost = 110,487.6 * Capacity (MMBtu/hr)*0.423
Annual Cost = 3,440.9 * Capacity (MMBtu/hr)*0.7337

From RACT Baseline:
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Capital Cost = 67,093.8 * Capacity (MMBtu/hr)*0.423
Annual Cost = 7,514.2 * Capacity (MMBtu/hr)*0.4195

Note: All costs are in 1990 dollars.

O&M Cost Components: The O&M cost breakdown is estimated using the example
problem in the OAQPS Control Cost Manual chapter on SNCR. This example was for
a 1,000 MMBtu/hr boiler burning sub-bituminous coal.

Electricity cost: $0.05/kW-hr
Coal cost: $1.60/MMBtu

Cost Effectiveness: When capacity is available and within the applicable range of 0 to 2,000
MMBTU/hr the cost equations are used to calculate cost effectiveness. The
default cost effectiveness value, used when capacity information is not
available, is $840 per ton NOx reduced from uncontrolled and $260 per ton
NOx reduced from RACT (19909%).

Comments:

Status: Demonstrated Last Reviewed: 2001

Additional Information:

SNCR is the reduction of NOx in flue gas to N2 and water vapor. This reduction is done with a
nitrogen based reducing reagent, such as ammonia or urea. The reagent can react with a number of
flue gas components. However, the NOx reduction reaction is favored for a specific temperature
range and in the presence of oxygen (EPA, 2002).

Both ammonia and urea are used as reagents. The cost of the reagent represents a large part of the
annual costs of an SNCR system. Ammonia is generally less expensive than urea. However, the
choice of reagent is also based on physical properties and operational considerations (EPA, 2002).

Ammonia can be utilized in either aqueous or anhydrous form. Anhydrous ammonia is a gas at
atmospheric pressure and normal temperatures. There are safety issues with the use of anhydrous
ammonia, as it must be transported and stored under pressure (EPA, 2002). Aqueous ammonia is
generally transported and stored at a concentration of 29.4% ammonia in water.

Urea based systems have several advantages, including several safety aspects. Urea is a nontoxic,
less volatile liquid that can be stored and handled more safely than ammonia. Urea solution droplets
can penetrate farther into the flue gas when injected into the boiler, enhancing mixing (EPA, 2002).
Because of these advantages, urea is more commonly used than ammonia in large boiler
applications.

The rate of reaction determines the amount of NOx removed from the flue gas. The important
design and operational factors that affect the rate of reduction include:

Reaction temperature range;

Residence time available in the optimum temperature range;

Degree of mixing between the injected reagent and the combustion gases
Uncontrolled NOx concentration level,

Molar ratio of injected reagent to uncontrolled NOx ; and

Ammonia slip.
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References:

EPA, 1994: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions from
Industrial/Commercial/Institutional (ICI) Boilers," EPA,-453/R-94-022, Research Triangle Park, NC,
June 1994.

EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and Standards,
"EPA Air Pollution Control Cost Manual," 6th ed., EPA/452/B-02-001, Research Triangle Park, NC,
January 2002.

Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of Air
Quality Planning and Standards, Innovative Strategies and Economics Group, Research Triangle
Park, September 1998.

Pechan, 2001: E.H. Pechan & Associates, Inc., "Revisions to AirControINET, and Particulate Matter

Control Strategies and Cost Analysis," Revised Report, prepared for U.S. Environmental Protection
Agency, Innovative Strategies and Economics Group, Research Triangle Park, September 2001.
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Source Category: ICI Boilers - Coal/Wall - Large Sources

Control Measure Name: Low NOx Burner
Rule Name: Not Applicable

Pechan Measure Code: NO0113L, NO1103 POD: 11

Application: This control is the use of low NOx burner (LNB) technology to reduce NOx emissions.
LNBs reduce the amount of NOx created from reaction between fuel nitrogen and
oxygen by lowering the temperature of one combustion zone and reducing the amount
of oxygen available in another.

This control is applicable to large (>1 ton NOx per OSD) coal/wall fired ICI boilers
classified under SCCs 10200201and 10200202 with uncontrolled NOx emissions
greater than 10 tons per year.

Affected SCC:

10200201 Industrial, Bituminous/Subbituminous Coal, Pulverized Coal: Wet Bottom
10200202 Industrial, Bituminous/Subbituminous Coal, Pulverized Coal: Dry Bottom

PM10 | PM2.5 EC oC NOx VOC S02 NH3 Cco Hg

Pollutant(s)
\/*

\ = pollutant reduction; X = pollutant increase, * = major pollutant
Control Efficiency: 50% from uncontrolled
Equipment Life: 10 years
Rule Effectiveness: 100%
Penetration: 100%

Cost Basis:  Sources are distinguished by NOx emission levels (Pechan, 1998).
Large source = emission levels greater than 1 ton per ozone season day
Where information was available in the Alternative Control Techniques (ACT)
document (EPA, 1994), capacity-based equations are used to calculate costs. A
discount rate of 7 percent and a capacity factor of 65 percent are assumed, along
with an equipment life of 10 years (EPA, 1994).

In general, the incremental default cost is used for sources where there are existing
controls (RACT baseline), with efficiencies less than or equal to 70% (Pechan, 2001).

The following equations, based primarily on information in the Air Pollution Cost
Manual (EPA, 2002), are used for large NOx sources as defined above:

From Uncontrolled:

Capital Cost = 53,868.7 * Capacity (MMBtu/hr)*0.6
Annual Cost = 11,861.1 * Capacity (MMBtu/hr)*0.6

From RACT Baseline:
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Capital Cost = 53,868.7 * Capacity (MMBtu/hr)*0.6
Annual Cost = 11,861.1 * Capacity (MMBtu/hr)*0.6

O&M Cost Components: The O&M cost breakdown is estimated using the detailed
information in Appendix F of the ACT document (see page F-4). The model boiler

size used to develop O&M cost components is 766 MMBtu/hr. A capacity factor of
0.58 is used in estimating the O&M cost breakdown.

Electricity cost: $0.05/kW-hr

Note: All costs are in 1990 dollars.

Cost Effectiveness: When capacity is available and within the applicable range of 0 to 2,000
MMBTU/hr the cost equations are used to calculate cost effectiveness. The
default cost effectiveness value, used when capacity information is not
available, is $1,090 per ton NOx reduced from both uncontrolled and RACT
baselines (19909%).

Comments:

Status: Demonstrated Last Reviewed: 2001

Additional Information:

LNBs are designed to "stage" combustion so that two combustion zones are created, one fuel-rich
combustion and one at a lower temperature. Staging techniques are usually used by LNB to supply
excess air to cool the combustion process or to reduce available oxygen in the flame zone. Staged-
air LNBs create a fuel-rich reducing primary combustion zone and a fuel-lean secondary combustion
zone. Staged-fuel LNBs create a lean combustion zone that is relatively cool due to the presence of
excess air, which acts as a heat sink to lower combustion temperatures (EPA, 2002).

References:

EPA, 1994: U.S. Environmental Protection Agency, Emissions Standard Division, Office of Air
Quality Planning and Standards, "Alternative Control Techniques Document-- NOx Emissions from
Industrial/Commercial/Institutional (ICI) Boilers," EPA,-453/R-94-022, Research Triangle Park, NC,
June 1994,

EPA, 2002: U.S. Environmental Protection Agency, Office of Air Quality Planning and Standards,
"EPA Air Pollution Control Cost Manual," 6th ed., EPA/452/B-02-001, Research Triangle Park, NC,
January 2002.

Pechan, 1998: E.H. Pechan & Associates, Inc., "Ozone Transport Rulemaking Non-Electricity
Generating Unit Cost Analysis," prepared for U.S. Environmental Protection Agency, Office of Air
Quality Planning and Standards, Innovative Strategies and Economics Group, Research Triangle
Park, September 1998.

Pechan, 2001: E.H. Pechan & Associates, Inc., "Revisions to AirControINET, and Particulate Matter

Control Strategies and Cost Analysis," Revised Report, prepared for U.S. Environmental Protection
Agency, Innovative Strategies and Economics Group, Research Triangle Park, September 2001.
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Source Category: ICI Boilers - Coal/Wall - Large Sources

Control Measure Name: Selective Catalytic Reduction (SCR)

Rule Name: Not Applicable
Pechan Measure Code: NO0114L, NO1104 POD: 11

Application: This control is the selective catalytic reduction of NOx through add-on controls. SCR

controls are post-combustion control technologies based on the chemical reduction of
nitrogen oxides (NOx) into molecular nitrogen (N2) and water vapor (H20). The SCR
utilizes a catalyst to increase the NOx removal efficiency, which allows the process to
occur at lower temperatures.

This control applies to large (>1 ton NOx emissions per OSD) coal/wall IC boilers with
uncontrolled NOx emissions greater than 10 tons per year, classified under SCCs
10200201 and 10200202.

Affected SCC:

10200201 Industrial, Bituminous/Subbituminous Coal, Pulverized Coal: Wet Bottom
10200202 Industrial, Bituminous/Subbituminous Coal, Pulverized Coal: Dry Bottom

Pollutant(s)

PM10 | PM2.5 EC ocC NOx voC S02 NH3 co Hg

V* X

V= po.IIutant reduction; X = pollutant increase, * = major pollutant

Control Efficiency: 70% from uncontrolled

Equipment Life: 20 years
Rule Effectiveness: 100%

Penetration:

100%

Cost Basis:

Sources are distinguished by NOx emission levels (Pechan, 1998).

Large source = emission levels greater than 1 ton per ozone season day

Where information was available in the Alternative Control Techniques (ACT)
document (EPA, 1994), capacity-based equations are used to calculate costs. A
discount rate of 7 percent and a capacity factor of 65 percent are assumed, along
with an equipment life of 20 years (EPA, 1994).

In general, the incremental default cost is used for sources where there are existing
controls (RACT baseline), with efficiencies less than or equal to 70% (Pechan, 2001).

The following equations, based primarily on information in the Air Pollution Cost
Manual (EPA, 2002), are used for large NOx sources as defined above:

From Uncontrolled:

Capital Cost = 82,400.9 * Capacity (MMBtu/hr)*0.65
Annual Cost = 5,555.6 * Capacity (MMBtu/hr)*0.7885

From RACT Baseline:

Document No. 05.09.009/9010.463 111-207 Report




AT-A-GLANCE TABLE FOR POINT SOURCES

Capital Cost = 79,002.2 * Capacity (MMBtu/hr)*0.65
Annual Cost = 8,701.5 * Capacity (MMBtu/hr)*0.6493

Note: All costs are in 1990 dollars.

O&M Cost Components: The O&M cost breakdown is estimated using the Chapter 4
costing algorithms in EPA, 2001. The fixed O&M cost is the sum of the annual
maintenance material and labor cost, and is estimated to be 0.66 percent of the
capital cost. This portion of the O&M cost is included in the database as maintenance
labor. The NH3 use cost equation is used to estimate chemicals costs. The annual
replacement cost equation is used to estimate replacement materials costs. The
energy requirement cost equation is used to estimate electricity costs.

Electricity cost = $0.03/kW-hr
Ammonia cost = $225/ton

The above O&M component costs are in 2000 dollars. The model plant size used to
estimate ICI boiler O&M cost components is 400 MMBtu/hr.

Cost Effectiveness: When capacity is available and within the applicable range of 0 to 2,000

MMBTU/hr the cost equations are used to calculate cost effectiveness. The
default cost effectiveness values, used when capacity information is not
available, are $1,070 per ton NOx reduced from uncontrolled and $700 per ton
NOx reduced from RACT (19909%).

Comments:

Status: Demonstrated Last Reviewed: 2001

Additional Information:
Selective Catalytic Reduction (SCR) has been widely applied to stationary source, fossil fuel-fired,

combustion units for emission control since the early 1970s. SCR is typically implemented on units
requiring a higher level of NOx control than achievable by SNCR or other combustion controls (EPA,

2002).

Like SNCR, SCR is based on the chemical reduction of the NOx molecule. The primary difference
between SNCR and SCR is that SCR uses a metal-based catalyst to increase the rate of reaction
(EPA, 2002). A nitrogen based reducing reagent, such as ammonia or urea, is injected into the flue
gas. The reagent reacts selectively with the flue gas NOx within a specific temperature range and in
the presence of the catalyst and oxygen to reduce the NOx.

The use of a catalyst results in two advantages of the SCR process over SNCR, the higher NOx
reduction efficiency and the lower and broader temperature ranges. However, the decrease in
reaction temperature and increase in efficiency is accompanied by a significant increase in capital
and operating costs (EPA, 2002). The cost increase is due to the large amount of catalyst required.

The SCR system can utilize either aqueous or anhydrous ammonia as the reagent. Anhydrous
ammonia is a gas at atmospheric pressure and normal temperatures. There are safety issues with
the use of anhydrous ammonia, a